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LETTER OF TRANSMITTAL. 



To the iSenate and House of Representatives : 

I transmit herewith the report of Messrs. James B. Angell, of Michi- 
gan, John B. Russell, of Massachusetts, and Lyman E. Oooley, of 
Illinois, who were appointed Commissioners under the authority of a 
law passed March 2, 1895, to make inquiry and report, after conference 
with such similar commissioners as might be appointed on behalf of 
Great Britain or the Dominion of Canada, concerning the feasibility of 
the construction of such canals, as will enable vessels engaged in ocean 
commerce to pass between the Great Lakes and the Atlantic Ocenrii, 
apd tli^ uiQs)} convenient location, and probable co^t of such canp>ls, 
^l^ether with other facts and infoi^matioa in said ^et specified relatin^^ 
Jp their construction and use. 

The Commissioners have prosecuted the work assigned them with 
great zeal and intelligence, resulting in the collection of a mass of 
information, embodied in their report and its accompanying exhibits, 
which is of great importatice and interest as related to the project sub- 
jected to their examination. 

The advantages of direct and unbroken water transportation of the 
products of our Western States and Territories from convenient points 
of shipment to our seaboard ports are plainly palpable. The report of 
the Commissioners contains, in my opinion, demonstration of the feasi- 
bility of securing such transportation, and gives ground for the antici- 
pation that better and more uninterrupted commerce through the plan 
siiggested, between the great West and foreign ports, with the increase 
of national prosperity which must follow in its train, will not long 
escape American enterprise and activity. 

It will be observed that the report of the Commissioners, though as 
comprehensive as the time and facilities at their disposal permitted, 
does not definitely deal with the cost of the work they were called upon 
to consider, and omits some of the other details related to it. Thus far 
they have labored without compensation, and a part of the small sum 
appropriated for the payment of their expenses still remains unex- 
pended. 

I suggest to the Congress the propriety of making economical pro- 
vision for such further prosecution of their work as will more fully 
develop the information necessary to an exact and complete under- 
standing of this interesting and important subject, 

Gboveb Cleveland. 

ExECUTivB Mansion, 

January 18^ 1897. 



Washington, January 5, 1897. 
The President: 

By instructioD of the Deep Waterways Commission, I herewith trans- 
mit its report made in pursuance of the joint resolution of Congress 
which became a law March 2, 1895, under which the Commission was 
appointed iN'ovember 4 following. 
Eespectfully, yours, 

John E. Eussell, 
Member of the Commission^ and itst Secretary » 



REPORT OF THE UNITED STATES DEEP WATERWAYS 

COMMISSION. 



On the 8th day of February, 1895, Senator William F. Vilas intro- 
duced the following joint resolution, authorizing a preliminary inquiry 
concerning deep waterways between the ocean and the Great Lakes^ 
and providing commissioners therefor: 

Resolved hy the Senate and House of Representatives of the United States of America in 
. Congress assembled, That the President of the United States is authorized to appoint 
immediately after the passage of this joint resolntion three persons, who shall have 
power to meet and confer with any similar committee which may he appointed by 
the Government of Great Britain or the Dominion of Canada, and who shall make 
inqniry and report whether it is feasible to build such canals as shall enable vessels 
engaged in ocean commerce to pass to and fro between the Great Lakes and the 
Atlantic Ocean, with an adequate and controllable supply of water for continual use, 
where such canals oan be most conveniently located, and the probable cost of the 
same, with estimates in detail ; and if any part of the same should be built in the 
territory of Canada, what regulations or treaty arrangements will be necessary 
between the United States and Great Britain to preserve the free use of such canals 
to the people of this country at all times ; and all necessary facts and considerations 
relating to the construction and use of deep-water channels between the Great Lakes, 
and the Atlantic Ocean. 

The persons so appointed shall serve without compensation in any form, but they- 
shall be paid their actual traveling and other necessary expenses, not exceeding in^ 
all ten thousand dollars, for which purpose the said sum of ten thousand dollars, or- 
'so much thereof as may be necessary, is hereby appropriated. The President may^ 
in his discretion, detail as one of such persons an officer of the United States Navy 
or of the Army. 

This resolution having passed the Senate (S. Ees. 130) was favorably 
reported to the House by Mr. Wise from the Committee on Interstate 
and Foreign Commerce, and was incorporated in the sundry civil appro- 
priation bill and became a law on March 2, 1895 (U. S. Pub. Doc. 122, 
p. 44). On November 4 the President announced appointments, under 
the law, of Commissioners : James B. Angell, of Ann Arbor, Mich. 5 John 
E. Eussell, of Leicester, Mass.; Lyman E. Cooley, C. E., of Chiciago, 111. 

Soon after the Government of the Dominion of Canada appointed 
Commmissioners : Oliver A. Howland, M. P. P., of Toronto; Thomas 
C. Keefer, C. B., of Ottawa; Thomas Monro, C. E., of Coteau Landing. 

The United States Commission met at Detroit January 13, 1806, and 
organized with Mr. Angell as chairman and Mr. Russell as secretary. 
The time andpla^e of meeting were chosen on account of the annual 
meeting of the Lake Carriers' Association. A week was spent in taking 
the testimony of ship owners, masters, and merchants, who were present 
at this meeting. 

On the 18th of January a joint meeting was held with the Commis- 
sioners of the Dominion of Canada. The United States Commission 
made a plan of the work necessary to accomplish, so far as its means 
would allow, the purpose of the law. The exhibits of detailed reports,, 
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drawings, maps, and the report upon the technical work of examina- 
tion will show what has been done. The material discovered in all 
4a€U[*ters where search has been made has proved to be of far more 
imfiortance than was conjectured, and the Commission has been directly 
led to make recommendations for the action of Congress. 

The Canadian Commission has furnished all the matter, much ot it 
of great importance, contained in the public offices of the Dominion, 
cordially responded to all inquiries, and made special surveys on the 
route from Lake St. Francis to Lake Champlain by the Richelieu 
River, the results of which have been laid before our Commission. 
Examination of the statistics of lake traffic, increasing with a rapidity 
but little understood, except by those occupied in it, must lead the 
statesman to consider what assistance Government can give to promote 
an internal commerce of such direct benefit to the whole counti*y. 

The most profound economic changes of ipodern times have beejn 
brought about by the improvements in transportation. These begati 
with small canals and later with railroad construction, in the first half 
of the century, and have proceeded with accelerating speed to the 
present time. 

The railroad of to-day bears about the same relation to the transporta- 
tion of thirty years ago as that did to the stage coach and freight wagopi 
of the first quarter of the century. The general use of steel has giveu 
an efficiency and security to railway traffic far surpassing even the 
prophesies of enthusiasts. This has been accompanied by the utiliza- 
tion of steel in shipbuilding, which may be said to date from 1878, as i^ 
that year less than 2 per cent of steel was used in construction of ships 
in Great Britain. Minor inventions in the improvement of marine 
engines and locomotives have accompanied the greater changes, and 
resulted in affecting the living and exchanges of the whole world, and 
greatly broadening the line of separation between progressive and 
unprogressive peoples. 

In the first half of the century each nation practically depended upon 
its own agriculture for the subsistence of its people. States or com- 
munities isolated by distance or mountain ranges might suffer from 
famine. A bushel of wheat raised far west of the shore of Lake Supe- 
rior and now consumed by cotton spinners in Lancashire, 5,000 miles 
away from the field of its growth, might have its value ej:bausted by a 
wagon haul of a hundred miles. 

Now the combined stock of the world is the daily visible supply; ite 
amount is known in every city and its accessibility is fully understood* 

In 1869 occurred the opening of the Suez Canal, which brought th^ 
3East into competition with Western civilization by reducing a voyage 
of six or eight months to thirty days, virtually destroying the value of 
the fleet of sailing vessels previously employed, and making it neoessary 
to readjust ancient systems of distribution and all the capital and labor 
incidental to them. 

A part of the effect of this rearrangement of the world's comiB^^e 
upon the business of this country may be seen in the reductiojas of the 
fiMBights upon grain about 75 per cent, and enabling India to enter tbjB 
markets of Europe with wheat to the amount of 34,000,000 bushels 
annually from 1881 to 1885. The magnitude of commercial change g€ 
disturbance in reduction of values may be estimated from the £act that 
in 1869 the value of the total trade of India with foreign countries%r$a 
$627,000,000. Five years later it had fallen off $50,000,000 in valuft, 
but had so increased in volume as to employ an increase of 250,000 toi^ 
of steam shipping, an equivalent of 500,000 tons of sail. 
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The future of this commerce between the western world and eastern 
.pations, increased by the introdaction of better methods of production 
and stimulated ambition, must be left to conjecture. 

The agricultural competition we have been compelled to meet from 
India has lately been intensified by the entrance into the world's market 
of the rising States of the south of our continent. These circumstances, 
which will change only in the direction in which they are moving, 
strongly appear to us to examine in what manner we can lighten thp 
burdens of our agriculture and keep pace with the world's progress by 
facilitating and cheapening our internal transportation. 

The limit of reduction in railroad freights seems to have been reached ; 
it remains to be determined if it is not possible to extend lake navigation 
to the ocean by a practicable ship channel, for although the develop- 
ment of our natural waterways is but little advanced beyond the bounty 
Qf nature, and is capable of immediate and vast extension, the effect of 
the little we have done has been enormously profitable. 

l^he chain of great lakes, with a water, surface of 95,905 square mile% 
a basin area of 312,365 square miles, and coast lines in the United 
States limits of 3,075 miles, gives us a deep, fresh-water navigation, tb^ 
e:^tent of which can not be accurately stated, so rapidly does it increase. 

If it is overestimated in enthusiastic estimate, the calm statistic^ 
soon overtake the exaggeration. 

The coast lines of the lakes border upon nine States, containing 
more than one-third of our population, and upon their harbors are si?: 
citie&i, with an aggregate population of 3,000,000, and hundreds of 
japidly growing towns. The increased power of navigation effected 
by the Welland canal, through which vessels of a cargo capacity of 
1,700 tons 3.re passed into Lake Ontario and thence to Ogdensburg, $k 
idistance from Puluth of 1,235 mile^, the enlarging and deepening of 
barbors and the counecting channels of the lakes, and the building of 
■powerful rapidly working locks at the Falls of St. Mary, have given 
j^ch commercial result^ that any suggestion of improvement upon *^ 
wider scale must at once secure favorable notice. 

The ^.mount expended by the United States upon lake navigation, 
i}^ widening and deepening channels, is about $12,000,000, and marine 
jhistory contains no parallel to the rapid development which has been 
made possible by this assistance. The largest item in the lake traffic, 
ijie transportation of iron ore from the Superior shores, has been made 
|)0ssible by the locks at St. Marys Falls and the deepening of the con- 
i;iecting channels. The importance of this industry, but yet in ite 
infancy, cau not be estimated. 

The richest iron ores are now delivered along a line of coast of 1,000 
.wiles, dotted with manufacturing towns. This has cheapened iron and 
^teel below the cost in any other part of the world, The development 
of this industry has worked a revolution scarcely less important than 
the enlargement of harbors^ channels, and locks, in the shipbuilding 
of the lakes. 

As steam took the place of sail, so iron qiiid steel have succeeded 
wood, and there is no part of the seaboard where vessels can be so 
cheaply built as in the shipyards of the lakes. These enterprising 
bqjlders are confined to their own shores. Were they not landlocked ii;i 
their fresh- water seas, they might compete with the shipbuilders of the 
worM. 
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The increase of tonnage and freights can be better understood from a 
table showing the business of the locks at St. Marys Falls during ten 
years : 



Tear No. of 
^^^' ' vessels. 


Tonnage. 


Net tons 
freight. 


Tear. 


No. of 

vessels. 


Tonnage. 


Net tons 

freight. 


1885 5,380 


1, 035, 937 
4, 219. 397 
4, 897, 598 
5, 130, 659 
7, 221, 935 
8,454,435 


3, 256, 628 
4.527,759 
5, 494, 649 
6, 411, 433 
7,516,022 
9, 041, 313 


1891 


10, 191 
12, 580 
12,008 
14.491 
17, 956 
18, 615 


8.400,685 > 8.888.759 


1886 ' 7,424 


1892 


10,647,203 ! 11,214.333 
8,949,754 10.796 572 


1887 ' 9.355 


1893 


1888 


7,803 


1894 


13,110,366 i:t,196,860 
16,806,781 1 15,062,580 
17 249 418 1 ifi 9i:iQ atn 


1889 


9,579 
10,557 


1895 


1890 


1896 








^■^f m.^'^f -v-^^ 



The estimated value of freight in 1895 was $159,575,130. 

In 1894 the St. Marys Falls Canal was open for 234 days, about 10 
days more than the average time The Suez Canal, which is open all 
the year, passed 3,352 ships, with a tonnage of 8,039,105, or 5,071,261 
less net tonnage than the canal connecting the lower lakes with Lake 
Superior, 

The amount of freight passed by this canal in two hundred and 
thirty-four days was equal to 13.6 per cent of all the freight carried by 
all the railroads of the United States for the entire year. 

In 1889 the late Mr. George H. Ely published an estimate of the 
traffic passing through the Detroit Kiver. He made it three times 
greater than the foreign trade of the port of !N"ew York. It exceeded 
the aggregate foreign trade of all the seaports of the United States 
by 10,000,000 tons, and was 3,000 tons more than the foreign and coast- 
wise trade of London and Liverpool combined. At the annual meet- 
ing of the Lake Carriers' Association, at Detroit, January, 1896, the 
statement was made that in 1895 the ton mileage of vessels passing 
Detroit was estimated at 22,395,251,250. The cost per ton per mile 
was 0.85 of a mill. The net tons of freight carried was stated to be 
29,800,335. 

The effect of this enormous trade upon the increase of manufactur- 
ing may be partly estimated by the growth of Cleveland. The city, 
at the mouth of the Cuyahoga Eiver, near the lower end of the deep 
water from Duluth to Buffalo, had a population of about 80,000 in 1876. 
It was not expected that there would be any especial development of 
business there, but the deepening of the connecting channels of the 
lakes has created a trade in ore and coal which has carried the popula- 
tion of Cleveland to 350,000 people, and its shipyards rival the busiest 
in the world in their activity. 

The increase of the business of Buffalo in receiving, storing, and for- 
warding grain and lumber, in shipbuilding, and in general manufacturing 
is a matter of common knowledge. 

This may be called the eastern terminus of deep-water navigation 
and receives a large proportion of the grain bound to the seaboard. 
For export and distribution, Duluth, Superior, Chicago, Milwaukee, 
and Toledo all send the greater part of their grain and flour to Buffalo* 
The table of receipts of grain at Buffalo nearly equals the total exports 
of giain from all ports of the United States. For three years past the 
receipts were, reckoning flour in bushels — 

.1893 : 187,235,160 

1894 160,968,095 

1895 162,988,842 
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At Buffalo bulk has to be broken, the grain elevated and transferred 
to cars or canal boats, and the same thing, with equal expenses, is 
repeated at New York. 

The lake freight from the farthest shore of Lake Superior and of Lake 
Michigan to Buffalo is from 1 to IJ cents a bushel. The ocean freight 
averages about 3 cents, making 4 to 4J cents for the deep-water carriage 
of 4,000 miles. The whole cost from Chicago or Duluth to Europe is 
from 9 to 10 cents for a bushel of wheat. Therefore more than half the 
cost is in elevator charges, commissions, and canal freights, to which 
must be added the item of waste. 

It costs twice as much to carry a barrel of flour from Duluth to New 
York as it does from New York to Europe, though the latter distance is 
more than twice as great as the former. 

If an ocean steamer could cloar from an upper lake port to Europe, 
it would save the time and expense required to break bulk at two 
intermediate points, and the cost of carriage would be about one-half 
of what it is now. Such a vessel could carry her cargo from the east 
end of Lake Erie to the ocean for not exceeding 1 cent a bushel for the 
additional water distance. 

In 1885 the United States was the principal source of wheat supply 
to make up the deficiency in the world's markets, notwithstanding that 
the opening of the Suez Canal in 1869 had brought India into competi- 
tion with us, and the British East Indian Government had by railways, 
canals, and irrigation greatly stimulated the growth of wheat. From 
1881 to 1885 the average export from the United States in grain and 
flour was 122,157,043 bushels. In the same time the average supply 
from our competitors was — 

Canada 2,906,218 

Argentiua 2, 015, 118 

Uruguay 77,296 

Russia 76,189,773 

India 34,580,707 

Five years later changes of a most ominous character had taken 
place. The world's supply had greatly increased, prices were on a much 
lower level, and the completion was from an unexpected quarter. 

From 1891 to 1895 the exporting countries poured into the markets 
as follows : 

United States (wheat and liour in bushels) 171,731,480 

Canada 10,196,601 

Argentina 34,617,381 

Uruguay 1,619,489 

Russia 105,581,617 

India 29,251,323 

This shows a yearly average increase from 1891 to 1895 of 114,000,000 
bushels over the years from 1881 to 1885. The percentage of increase 
is nearly divided between the United States and Eussia. India falls 
off. Canada trebles her surplus production, and from the southern 
part of the continent new and threatening competition rapidly enters 
the market. 

This new feature appears all the more dangerous if we examine the 
production of these later years. 1891 was an unusual and uneven 
wheat year. There was a partial failure of crop in Europe. The Rus- 
sian crop was exceedingly light with agricultural distress; the crop of 
the United States was the best ever known with active demand and 
firm prices. In this year the Argentinian crop was 36,000,000 bushels 
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and the Uruguay crop 3,000,000; but in 1895 the Argentinian crop rose 
to 75^000,000 and the Uruguay crop to 10,000,000 bushels, of whick 
6,000,000 of bushels in grain and flour were available for export. 

While the crop imports of the present year indicate that our southern 
competitors are subjected, like ourselves, to variable and even disastrous 
(Reasons, their standing in the market is established and their produQ- 
tion of wheat and corn will undoubtedly greatly increase. When they 
have bountiful harvests, we must meet very low prices. The Empire erf 
Bussia is making prodigious advances in connecting her distant grain 
fields with the coast and her competition will undoubtedly increase 
rather than diminish. 

A few years ago agricultural products and lumber made the cargoes 
of lake shipping, but a new industry has arisen from the recent discov- 
eries of iron ore in the Lake Superior region, which, under favorable 
conditions of transportation, bids fair to bring about far reaching, 
economic changes. 

Three-quarters of the iron ore brought into use from these discoveries 
has been produced during the last ten years, and the amount of capital 
interested in mining and transportation is now estimated at $234,000,000. 
The proportion of this recent business to the iron industry of the coun- 
try may be seen in the statistics of 1892. In that year there was put 
out 16,036,043 tons of ore, of which the Superior region gave 9,564,388 
tons. But when it is taken into account that these ores surpass in rich- 
ness the ores of any other part of the country, the proiX)rtion of value 
is much greater than appears by weight. New discoveries are con- 
stantly reported,*and the ease of access to the deposits makes it possible 
to supply any possible demand. The rapidity of the development of 
this industry in its infancy seems to establish that, with access to the 
ocean by a practicable waterway, we can not only control our own iron 
and steel trade, but can enter into competition in any market. Some 
of our large iron and steel plants are upon the seacoast and are importers 
of foreign ores, as the low value of iron ore in proportion to its weight 
will not permit them to pay railway freights on the ores of the Supe- 
rior region. The position of these coast iron works is similar to that 
of the same industry in Great Britain and Germany. The ores of thos^ 
countries are not suitable for Bessemer steel, and for some years past 
their furnaces have been supplied from the mines in the north of Spain^ 
which are the only accessible ores in Europe, so far known, that compare 
in purity and richness with those of our lake region 

Now the iron masters of Europe are confronted with the discovery 
that the Spanish deposits are rapidly being exhausted; they will this 
year supply 6,000,000 tons, four-fifths of which goes to England. At 
this rate, and with the prices of ore rising as the quantity diminishes, 
ten years will exhaust the mines of the Biscay region. The other 
mines of Spain are on the Mediterranean and are small deposits, about 
100 miles from the coast. i 

Another possible resource is in the mines of central and northern 
Sweden. These are ores of great purity, but low in iron and with a 
long haul by rail, so that they can not be cheaply afforded. 

This condition of European manufacturing indicates that soon our 
iron masters can sell their iron and steel in all forms in any part of the 
world. With deep-water access to the ocean, the ores required on the 
Atlantic could be supplied to the exclusion of foreign ores, the iron 
and steel business of the countiy equalized, and aur country supplied 
at a minimum of cost, enlarging the field for capital and industry and 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 1^ 

ihcreasiDg the prosperity of the whole. At the same time, faruaces^ 
and rolling mills on the lakes could produce iron and steel that, water 
borne, would irresistibly invade the markets of the world. 

The foregoing remarks upon the present commerce of the lakes are 
capable of wide extension. 

We append hereto as a part of this report the report of Mr, Cooley 
upon the technical work which has been carried on under his immediate 
supervision, accompanied by certain detailed reports and drawings, 
which are set forth in three exhibits. 

Exhibit A consists of profiles and maps of water routes with explan- 
atory texts, comprising profiles Nos. 1 to 14 inclusive, two maps, a gen- 
eral report, and two special reports. This exhibit comprehends the 
several routes which have been considered and advocated by diverse 
interests, and practically covers the available information. In com- 
piling them recourse has been had to all sources of information, as sur* 
veys and examinations made by the two Governments, by State and 
provincial authority, by corporations, and by individuals. It was found 
necessary to make special examinations in the field of the Mohawk route 
and af that portion of the St.Lawrence-Champlain route between Lake 
Ontario and Lake Ohamplain, and these are covered by special reports. 
No attempt has been made to define projects, the presentation being 
limited to the characteristic physical features upon a uniform scale for 
purposi^s of comparison. 

Exhibit B consists of five special topics^ illmstrated by one map and 
seven diagrams, designed to develop the considerations afiecting ripa- 
rian interests of unprecedented magnitude, and the conditions limiting 
the capacity and character of works. The first topic reviews the data 
pertaining to elevations and data planes, to ^hich all records and plans 
are referred. The second sets forth the fluctuations of the several lakes 
and the St. Lawrence Kiver from 1860 to October, 1896, inclusive, and 
is accompanied by complete tables and by diagrams showing graphic- 
ally the record and the important deductions. A discussion of these 
data determines a certain common plane, or standard low water, through- 
out the bodies of water under consideration, to which all profiles and 
water levels have been reduced. The necessity of some standard of 
common reference is obvious in the undertaking of any comprehensive 
and far reaching System of works. 

The thii'd topic is illustrated by a geneial basin map^ iand has beea 
carefully compiled from original sources with a view to better det^mi- 
nutions of the water areas and the actual watershed drains therein, 
and this work has had the cooperation of the Geological Survey of 
Canada in the definition of the little known watershed line through the 
highlands of Canada. 

The fourth topic deals with the effect of gales on Lake Erie, and has 
a miost important bearing on any proposition for the control of the level 
of this lake and the project for a canal therefrom to Lake Ontario. 
The available means did not permit the extending of this investigation 
to the other lakes, in which, however, the phenomena are less charac- 
teristic and le&s sigiiificant in their practical bearing. 

The fifth topic has taken gi*eat research, and although the subject 
has not been exhausted, the results are valuable at$ an iiidex of watei^ 
conditions in the several lakes prior to any material disturbance of the 
watershiidi^ due to inhabitation. It is' to be inferred that extreme vari^ 
ations in water level were more pronounced than during recent times. 

The important topics of raiiitall and the outfit) w of the lakes and 
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their relation to each other and to lake levels have been quite beyond 
the resources of the Commission, and the data regarding outflow are 
very meager. 

Exhibit was designed to cover the practical topics governing most 
directly the character and utility of works, but as their consideration 
has naturally followed the development of the preceding schedules, 
littiie progress has been made except in relation to the ice season. 
This comprises a large number of tabular records for varying periods 
upon the streams and lakes of the United States and Canada, and the 
more significant features in their bearing on water routes are partially 
presented in five diagrams. This topic is compiled from material, the 
larger part of which has been collected for the first time from original 
sources, and is found to give systematic and consistent indications 
quite beyond any anticipations, considering the diverse character of 
the original observations and the various individual incentives for 
keeping these records. A very voluminous correspondence has led to 
the conclusion that it will be feasible to obtain a substantially complete 
record for a suflBcient number of points to project general charts of the 
ice season and its variation with latitude, altitude, and water condi-; 
tions, and the economic and scientific importance of such work can not 
be overestimated. 

It is considered that these general exhibits are important, and that 
they should be published in full as the primary information for the 
many who have under advisement, or wish to consider, the questions 
herein treated. 

SUMMARY OF DEDUCTIONS. 

The leading deductions which are to be inferred from the work of the 
Commission are presented in the following summary: 

They are tentative in part and ignore the boundary line and are 
intended to present in logical sequence the leading considerations 
which determine a choice of routes and the character of an enterprise 
as well as the collateral bearing of the same. 

I. THE TRUNK ROUTE. 

1. All routes are assumed to originate at the head of Lake Michigan 
at Chicago, and at the head of Lake Superior at Duluth-Superior, 
thence by Lake Michigan and the Straits of Mackinac and by Lake 
Superior and the St. Marys Eiver, respectively, a junction is reached 
in Lake Huron. All deep water routes to the eastern seaboard are 
restricted to two outlets, the St. Lawrence River from Montreal to the 
Gulf of St. Lawrence on the north, and the Hudson River from Troy 
to the Atlantic Ocean at New York. 

2. From the junction in Lake Huron to Montreal and to Troy various 
routes and combinations of routes have been advocated by diverse 
interests : 

(a) The natural route via Lake Erie, Lake Ontario, and the St. Law- 
rence River to Montreal, and via Lake Ohamplain to Troy, with an 
alternative line from Lake Ontario to Troy via the Oswego-Oneida- 
Mohawk Valley. An alternative to the Lake Erie route is the direct 
line via Georgian Bay to Lake Ontario at Toronto. 

(b) The Ottawa route via the Ottawa and St. Lawrence rivers to 
Montreal and via Lake Ohamplain to Troy. This line omits Lake Erie 
and Lake Ontario. 

3. The Georgian Bay line is not considered an available alternative 
for the Lake Erie route : 

(a) The work of construction is much more serious, and the same 
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money will develop tbe Lake Erie route for a capacity which will more 
than offset the saving in distance. 

(b) The water supply is limited for a navigation of the first class, the; 
summit level being drawn upon in both directions, which exacts locks 
of moderate lifts. The excess of lockage, the number of locks, and the 
amount of restricted channel increase the commercial length or time 
on the route, the saving in distance being apparent rather than real. 

(c) The ice season is sensibly longer on Lake Simcoe, the proposed 
summit level, and at Georgian Bay points. 

(d) Lake Erie is the greatest trafiic lake, and its position will always 
make it an important factor. The construction of an alternative line 
would not obviate the necessity of developing the Lake Erie route. 

4. The Ottawa route is a short, independent line which may have 
great value for future development, but its consideration is not now 
justified : 

(a) It is the shortest through route between terminals and is unques- 
tionably adapted to a navigation of considerable capacity. Compre- 
hensive surveys will be required to determine its availability for a 
navigation of the first class, and until a project has been matured it 
will be impossible to say how far lockage and restricted channels will 
offset the apparent saving in distance. 

(b) For a large portion of its length it runs through a region meager 
in resources and the ice season is considerably longer than on the Lake 
Erie route. 

(c) The function of the Ottawa route is as a future loop line for through 
business when traffic conditions shall have been sufficiently developed 
by the Erie-Ontario route; provided, it shall be found capable of a 
radical solution. 

5. The routes for shortening distance between Lake Michigan and 
Lake Huron and between Lake Michigan and Lake Erie are available 
for a moderate capacity suited to the local and coasting trade. A first- 
class navigation, if practicable, would be very costly and its utility 
would be problematical. A large vessel would probably make the longer 
course through the open water as quickly and the land routes would b|3 
closed earlier by ice. They would open earlier in the spring, and this 
would be a positive advantage, unless means are devised for breaking 
the ice blockade at Mackinac. 

6. A ship route through western Kew York along the general course 
of the Erie Canal is not regarded as a desirable project: 

(a) It would involve 120 to 140 miles more of artificial channel than 
the route via the Niagara Ship Canal, Lake Ontario, and the Oswego- 
Oneida-Mohawk Valley; it would be crossed by a greater number of 
bridges and might have as many locks, owing to the conformation 
of the ground, and it would have a side hill location across lines of 
drainage for much of its course; all of which would make the route 
longer for navigation, more expensive to construct, and involve greater 
risk in maintenance. 

(b) All the important points to be reached by such a project as 
Eochester, Cayuga Lake, and Syracuse, can be better and more cheaply 
served directly from Lake Ontario or by local canals. 

(c) The country to be reached from both shores of Lake Ontario 
between Hamilton and Ogdensburg is an important consideration. 
Lake Ontario is comparatively isolated, and to join it with the upper 
lakes is conceived to be as fruitful in developing commerce as has been 
the union of Lake Superior, and a project for this purpose would be 
justified were there no possibilities of going farther in the direction of 
the seaboard. 
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{d) A mod^ftrate development of the canal through western l^ew Yoi^k 
with a high level through the central lakes basin may be of value as a 
ilieans of water supply for a ship route throitgh the Oswego- Oneida- 
Mohawk Yalley. 

7. The question of a trunk route is thus reduced to the natural course 
through the several Great Lakes. From Lake Ontario the St. Lawrence 
Eivier leads to tide water at Montreal, and the Lake Ghamplain and' 
Mowhawk routes lead to tide water of the Hudson River at Troy. 

II. TERMINAL ROUTES. 

8. The making of Lake Ghamplain a part of the Great Lake system, 
is justified independently of any project for reaching the seaboard: 

(a) The same considerations apply as in the case of Lake Superior 
and Lake Ontario, but in higher degree, on account of the very favor- 
able position of Lake Ghamplain with respect to a distributive traffic 
through ^ew England and the magnitude of the movement to and 
from this section. 

(b) Except as opening up an increased territory, extension of naviga- 
tion eastward gives very little advantage over Lake Erie for the trans- 
shipping and forwarding business until Lake Ghamplain is reached^, 
which is more favorably situated for a part of the through service. 

(c) An extension of lake commerce to Lake Ghamplain would add 40 
to 60 per cent to the length of present lake routes, and a nearly pro- 
pdrtional amount of territory in direct service, and would largely increase 
the total water movement. Lake Ghamplain is a normal part of the 
Great Lake system. 

9. The St. Lawrence route is justified as a seaboard route on its mer- 
its and independent of all other considerations: 

(a) Lake navigation at the head of the St. Lawrence rapids below 
Ogdensburg is III miles from ocean navigation at Montreal, with a 
present length of 46 miles of intermediate canals and 220 feet differ- 
ence in level. The artificial channel required for a navigation of the 
first class is much less than that of either the Suez Gatial or the North 
Sea-Baltic Ganal. This route is capable of development to any useful 
capacity for much less money than any other. 

(b) It is the shortest lino for direct trade with the north of Europe 
to the maritime Provinces of Ganada. It is recognized that the foreign 
movement is largely incidental to the lines of domestic commerce, and 
that by comparison the ratio of domestic movement in this direction is 
destined to be small; so the St. Lawrence route is not to be taken as a 
solution of the seai>oard problem. 

(c) Half of the work required to open the St. Lawrence route is also 
half of that required to reach Lake Ghamplain. Gonsidering Lake 
Ghamplain as a part of the lake system justifying development, the 
cost of making the St. Lawrence outlet is very small in proportion to 
its probable utility. The works to reach Lake Ghamplain and to reach 
Montreal should be regarded as parts of one project. 

10. The development of the St. Lawrence seaboard outlet and the 
making of Lake Ghamplain a part of the lake system in nowise less^i 
the importance of an outlet to the Atlantic seaboard through the Hud- 
son River: 

(a) The predominant seaboard movement on this continent is to and 
from the Atlantic Goast betweeii Portland and Norfolk. This is likely 
to continue the major factor in domestic comiberce and the canttoliifig 
element in foreign movement. 
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(h) From Lake Erie northeasterly, the Lakes and St. Lawrence 
extend parallel to the trend of the Atlantic coast and at a distance of 
250 to 400 miles. The detour via the Gulf of St. Lawrence to reach 
this coast is an average trip of 1,830 and 2,000 miles, as against feasi- 
ble cross routes of 370 and 330 miles. If Lake Ontario were an arm of 
the sea, the situation would not be materially changed. In other 
words, for the movement in question, the St. Lawrence route would be 
of very doubtful utility. 

(c) The situation is not unlike and more emphatic than that of France 
between the Mediterranean and the Atlantic, with physical conditions, 
such as France does not possess, inviting a water route of the first 
magnitude. The economic conditions warrant an expenditure several 
times that required for the St. Lawrence route. 

11. With Lake Ghamplain in the lake system, engineering consider- 
ations favor the Ghamplain Hudson route from the head of Lake Gham- 
plain at Whitehall to tidewater at Troy : 

(a) By a cut through the Ghamplain-Hudson divide the level of Lake 
Ghamplain may be carried into the Hudson River Valley and locked 
down to tide level above Troy in a total distance of 64 miles. The 
entire route from Lake Ontario will be downhill and the lockage may 
be concentrated at three localities in maximum lifts. 

{b) The tidal Hudson is favorable to deep-water improvement, the 
amount of material to be moved being no greater than has already been 
handled in the deei)ening of the St. Lawrence below Montreal, and the 
mileage of shallow water to be improved is considerably less. In fact, 
from the common x)oint in Lake St. Francis to the open sea, the mileage 
of restricted channel by the Ghamplain-Hudson route is not excessive 
in comparison with that of the St. Lawrence route. The statements 
regarding the tidal Hudson are equally applicable to the Oswego-Oneida- 
Mohawk route. 

(c) The Ghamplain-Hudson route is advantageous to eastern Ganada 
as a short cut to the southern coasts and to the West Indies. It is the 
logical extension of a future Ottawa route should conditions favor a 
radical development on that line, and it skirts New England. 

12. Economic considerations favor the Oswego-Oneida-Mohawk route 
from Lake Ontario at Oswego to tide water of the Hudson River at 
Troy, provided the physical conditions permit of a radical solution: 

^ {a) The route from Oswego to Troy is 177 miles as against 379.5 miles 
by the St. Lawrence River and Lake Ghamplain, or 202.5 miles less in 
absolute distance. Were the Mohawk Valley in virgin condition it 
would be feasible to dam it near Amsterdam to the level of Oneida 
Lake and make a through cut of the Rome summit. Such a treatment 
would make the route as a whole equal to if not better than the slowest 
or more restricted 177 miles of channel on the St. Lawrence-Ghamplain 
route and save in time the equivalent of the remaining 202.5 miles. 
This saving on so large a proportion of the commerce as is destined to 
the Hudvson River outlet will be a matter of great moment. 

(b) To the extent that vested interests prevent a radical solution 
will the advantage of distance diminish by increase in the number of 
locks and through a more restricted channel. An endeavor to mold 
the works closely to existing conditions may actually destroy the advan- 
tage in distance without greatly reducing the cost for a navigation of 
the first class. 

(c) The data show that the route is capable of development for a 
second-class navigation without radical disturbance of vested interests. 
The relative value of the route and the capacity to which it may be 

H. Doc. 192 2 
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developed must await final surveys and actual projects, considered on 
the basis of cost and of economic value. The profile and map, the first 
ever made of this route as a whole, suggest possibilities not heretofore 
anticipated, and warrant an exhaustive consideration from final data. 

13. Each of the three routes from Lake Ontario seems to have inde- 
pendent merits justifying its construction, and no one of them can be 
eliminated without sacrificing material advantages. It is easy to believe 
that the eventual growth of commerce will furnish business for all. 
Meantime, the determination of the route for initial development should 
rest on a consideration of all the factors in the problem. 

III. LIMITING CONDITIONS. 

14. The water supply is adequate to a project of any character on 
all available routes, except the Mohawk, which may require special 
provision: 

(a) The mean outflow of the lakes at Niagara is adequate to a chan- 
nel three-fourths of a mile wide and 40 feet deep, with a velocity of 1 
mile per hour. Any proportion of this is available for the St. Lawrence 
and Ghamplain-Hudson routes. 

(b) A through cut of the Eome summit to the level of the lakes of 
central New York, or a high-level feeder from Lake Erie, will provide a 
sufficient water supply for the Mohawk route ; otherwise, a limited water 
supply will dwarf the project for a navigation of the first class, as the 
channel must be fed both ways from a summit, while on the other routes 
the feed is continuously in one direction. 

15. Assuming 30 feet at standard low water as the limit of depth for 
a navigation of the largest useful capaeity, the proportion of channel 
to be actually constructed or deepened on any of these routes is rela- 
tively small: 

(a) In this consideration, it is assumed to be feasible to control the 
level of Lake Erie so as to produce 16 feet on the miter sill of the Wel- 
land Canal at Port Oolborne, or raise standard low water 2.28 feet, by 
works placed in the Niagara Eiver at Tonawanda and in the Canadian 
channel opposite, and that the Lake Erie level, less the slope required 
in the Niagara Eiver, will extend to Tonawanda; and further, that 
the Niagara Ship Canal is to be constructed from Tonawanda to Lake 
Ontario at Olcott harbor, via Lockport. 

(h) It is assumed that the St. Lawrence Eiver below Montreal has 
been deepened to 30 feet. The present improvement is for a depth of 
27.2 feet and covers a length of 43 miles of dredged channel. A depth 
of 30 feet involves 50 miles of work, and this. has already been under- 
taken. 

(c) It is assumed that the Hudson Eiver below the State dam at Troy 
has been deepened to 30 feet. The project now under w'^y is for 12 feet 
and covers 12 miles. A depth of 30 feet involves 31 miles of improve- 
ment. 

{d) Between Lake Michigan and Lake Huron, through the Straits of 
Mackinac, the depth is ample; but a change in the sailing course will 
be required over a somewhat longer route. Between Lake Superior 
and Lake Huron, through the St. Marys Eiver, a depth of 30 feet 
involves 27 miles of channel and 1 mile of the St. Marys Falls Canal. 

(e) From Lake Huron to Lake Erie are 43.5 miles of channel of less 
than 30 feet; and between Lake Erie and Lake Ontario, 5.5 miles of 
channel and 26.3 miles of canal. 

(/) From Lake Ontario to Montreal and to Troy the constructed and 
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deepened channel will be approximately as follows (the constructed 
channel may be classified as actual canal and as artificial channel 
formed by impounding water) : 



Koutes. 



St. Lawrence River to Montreal 

St. Lawrence-Champlain to Troy ] 

Oawego-Oneida-Mobawk to Troy , i 



Actual 
canal. 


Artificial 
chaunel. 


MUet. 
42.5 
67 

85 


MUes. 
20 
80 
70 



Deepened 
channel. 


Total. 


Miles. 
16 

52.3 
12 


Miles. 
78.5 
199.3 
167 



On the St. Lawrence-Champlain route, 20 miles of canal, 20 miles of 
artificial chaunel, and 9.8 miles of deepened channel are common to 
the St. Lawrence route; and 23 miles of canal, 20 miles of artificial 
channel, and 8 miles of deepened channel are between the St. Lawrence 
Eiver and Lake Champlain. 

The artificial channels are assumed equal in capacity to the deepened 
channels. How far this may be true and the relative extent of actual 
canal and of artificial channel depend on the treatment. 

[g) From Chicago to Montreal and to Troy the proportion of work 
is as follows : 



Character of work. 



Actual canal 

Artificial channel . 
Deepened channel. 



Total work reqaired. 

Total distance 

Percentage 



St. Law- 
rence route. 

MUes. 
67.8 
20 
65 



Champlain I Mohawk 
route. I route. 



152.8 I 

1.281.5 I 

11.9 ' 





• 


MUes. 


MUes. 


92.3 i 


110.3 


80 


70 


101.3 


61 


273.6 1 


241.3 


1, 460. 5 


1,258 


18.7 


19.1 



To the mouth of the Saguenay River and to ITew York City the pro- 
portion of work is as follows : 



St. Law- 1 Champlain 
renceroute.l route. 



Mohawk 
route. 



Total work required 

Total distance 

Percentage 



Miles. 
202.8 
1, 558. 5 
13 



Miles. 
304.6 
1, 614. 5 
18.9 



Miles.- 

272.3 
1,412 
19.3 



The distance from Duluth is 67.5 miles greater than from Chicago, 
and the proportion of work may be computed as above from data 
under {d). 

16. A channel of certain dimensions may be taken as practically 
equivalent to deep and open water. Without assuming it to have this 
actual value, a channel one-fourth mile wide and 40 feet deep is arbi- 
trarily taken as free water for the purpose of comparing the length of 
free and restricted channels. The distances are taken from Chicago 
to the mouth of the St. Lawrence at Pointe De Monts and to the 
Atlantic Ocean at Sandy Hook light vessel. Duluth-Superior will 
have 67.5 miles more of distance and 48 miles more of restricted channel 
than Chicago. 
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Destination. 



Montreal 

Gulf of 8t. Lawrence 

Troy — Cbaii) plain route 

Atlantic Ocean — Cli am plain route 

Troy— Mohawk route 

Atlantic Ocean— Mohawk route.. 



Restricted 


Total dis- 


Propor- 


channel. 


tance. 


tion. 


Miles. 


Milen. 


Per cent. 


223.8 


1,281.5 


17.5 


333. 8 


1,698 


19.6 


341.3 


1,460.5 


23.4 


407. 3 


1, 642. 5 


24.8 


300.3 


1,258 


23.9 


366.3 


1,440 


25.4 



In the above tables canal distances are included in restricted channel* 
17. The capacity of canals required between Lake Erie and tide 

water of the Hudson at Troy may be increased two and a half times at 

^n additional cost of 30 to 40 per cent: 

(a) This statement applies to the canal work proper and assumes that 
channels in open water will be deepened progressively as demanded by 
commerce. The basis of comparison is a canal adapted to a vessel of 
a draft of 20 feet. A vessel of the same model and a draft of 27 feet 
will have approximately two and a half times the carrying capacity. 

(b) It may be assumed that about 30 per cent of the cost of the 
smaller channel is reju'csented by fixed charges that will not vary mate- 
rially with the capacity. Half of the remainder is represented by deep 
cuttings, in which the increased cost will be about 40 per cent. The 
other half will represent shallow cuttings, embankments, structures, 
«tc., at various ratios and averaging about 00 per cent increase of cost. 
The.results are as follows: 



For draft of— 



Class of expenditures. 



I 20 feet. 



Per cent. 

Fixed Charlies 30 

Deep cuttings 35 

Ordinary \\ ork, structures, etc 35 

Total : 1 100 



27 feet. 



Per cent. 
30 
49 
56 



136 



(c) This ratio is taken for the Champlain route, including that por- 
tion of the St. Lawrence necessary to it. It will be greater for the St. 
Lawrence route as a whole. The project for the Mohawk route is not 
sufficiently obvious for comparison, but if a radical solution is adopted 
the ratio will be abt)ut the same. The results will vary on different 
sections and with difference in treatment. 

18. The deepening of channels in open water, when necessary, will 
be relatively a minor factor. Tlie deepening of the St. Lawrence below 
Montreal, and of the St. Marys Kiver and the passage between Lakes 
Huron and Erie, furnish sufficient precedent. The material for the 
most part yields to ordinary dredging operations, and alternative chan- 
nels off'er special facilities at the most serious rock cuts. 

19. The question of depth and width of channels between the several 
lakes and to the seaboard is solely one of cost. L^p to channels suffi- 
cient for a draft of 27 or 28 feet, every condition seems to lend itself. 
Beyond this limit the difficulties rapidly increase, and the proportion 
of restricted channel will be so large as to make tlie result of doubtful 
efficiency. Happily, there does not appear to be any economic reason 
in sight that seems to require provision for a larger draft. 

20. The season of navigation is limited by ice, and this varies greatly 
in different years. The body of the several lakes is capable of winter 
navigation, and through navigation would be feasible if intermediate 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 21 

channels could be kept open. The ice interruption diflPers for the 
several routes : 

(a) The ice season for the St. Lawrence between Montreal and the 
sea is given by the record at Montreal. The average is from December 
10 to April 19, a period of 130 days. The closing is due to the freezing 
of drift and anchor ice accumulations and holds out little hope that the 
season can be sliortened. 

(b) The average ice season for the Hudson River at Albany is from 
December 22 to March 26, or 91 days. The St. Lawrence-Champlain 
route is governed by the St. Lawrence at Ogdensburg and Lake St. 
Francis, which maybe taken from December 15 to April 14, or 119 days. 
The data for Lake Champlain indicate the possibility of shortening 
this period by ten days to two weeks. 

(c) The Moiiawk route is governed by Oneida Lake with an average 
ice period from December 16 to April 7, or 112 days. The rivers are 
usually free before the lake is open, and the ice season can j)robably be 
shortened. 

(d) Whenever Lake Ontario can bo reached it will be x>ossible to 
reach Lake Erie. Lake St. Clair is the controlling point between Lake 
Erie and Lake Huron, the ice season averaging from December 17 to* 
April 5, or 109 days. The closing is about the same, and the opening 
about two weeks later than the Detroit River and west Lake Erie 
points, which are nearly the same as Albany. Whether this period 
can be abridged or not depends on how far Lake St. Clair is compli- 
cated by drift accumulations from Lake Huron. Lake St. Clair corre- 
sponds practice lly to Oneida Lake and the southern end of Lake 
Champlain, so it is possible to reach Lake Huron whenever it is possible 
to reach Lake Ontario. 

{e) Tlie average ice season in the Straits of Mackinac is from January 
6 to April 15, or 99 days. Jt will thus be seen that through navigation 
is limited by the closing of Lake St. Clair and the oi)ening of MackiuaCy 
or from December 17 to April 15, a period of 119 days. The Mackinac 
ice is understood to be largely the accumulated drift, due to winds on 
on the two lakes. 

(/) The ice season of the St. Marys River is from December 8 to 
April 11, or 124 days, as indicated by the record at the mouth of the 
river; from December 4 to Ai)ril 25, or 142 days, as indicated by the 
opening and closing of the canal, and from December 3 to April 27, or 
145 days, as indicated by the record at Sault Ste. Marie, Ontario. The 
canal record may be taken as the practical limit of ice for the river as 
a whole. This is over a month earlier and over a Aveek later than at the 
Straits of Mackinac. 

(g) A through route from Lake Michigan will be closed from Decem- 
ber liy to April 15, or 120 days, by the Mohawk route; from December 
15 to April 15, or 121 days, by the St. Lawrence Champlain route, and 
from December 10 to April 19, or 130 days, by the St. Lawrence route* 
From Lake Superior the period is 142 days, closing six days earlier and 
opening six days later than at Montreal. From Lake Huron the period 
is governed by the routes east from Lake Ontario. 

(h) Ice boats are now in operation that will break 10 inches of solid 
Ice at 5 miles per hour and claims are made of ability to handle 18 
inches. The great car ferries operate across Lake Michigan and even 
across the Straits of Mackinac at all seasons and are able to break any 
field ice encountered and plow through several feet of drift ice. It 
would seem to require no great development of resounies to reduce the 
ice period to 90 or 100 days from Lake Huron by either the Mohawk or 
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Ohamplaiu routes, and if Mackinac proves tractable this period will 
apply to Lake Michigan. It is possible St. Marys Eiver would also 
yield to proper eiibrts, but no inducement can be held out for the St. 
Lawrence between Montreal and Quebec as conditions are now under- 
stood, unless it be feasible to prevent the actual closing of the river as 
has been suggested by a commission of engineers. If commercial 
necessities should ever so demand, means are likely to be found for still 
shortening the period, and the experience in high latitudes in the north 
of Europe is not amiss in this connection. 

« 

IV. CAPACITY. 

21. It is assumed that the character of works is to be adequate to 
vessels of the most economical type, not only for the coasting or domes- 
tic trade, but also for the foreign movement, so tliat commerce may be 
carried on directly between lake ports and other domestic and foreign 
ports without transshipment: 

(a) Vessels vary in size with the trade in which they are engaged 
and with the length of route. The ability to obtain cargoes and to 
deliver them at jmints capable of distributing or forwarding them 
l)romptly, combined with length of route, justifies the largest type of 
carrier, and these conditions obtain at the great ports only. There are 
many other j)orts at which the trade requires a more moderate type of 
vessel. In this consideration it is assumed that harbors are improved 
to meet trade requirements, and this has usually followed closely on 
actual needs. 

(b) The opening up of the lake system to foreign commerce will 
increase the length of many important trade routes upward of 40 per 
cent, and will reach directly the producing and consuming interior of 
the continent, in which, relatively, the largest future growth is to be 
antici})ated. These conditions will make advantageous the largest 
type of vessel found useful in any trade of the world. 

(c) The present type of lake vessel is of flat bottom and broad beam, 
and is an outgrowth of the demand for large carriers on the small depth 
of water through the intermediate channels. The limit of economical 
carrying capacity seems not to have been reached even on the shore 
lake routes. The type of vessel is not the most economical to con- 
struct and operate, and would doubtless bo modified in favor of larger 
draft were there no li;nit to the depth of channelways. 

22. The requirements as now defined demand a limiting draft of 27 
or 28 feet : 

{a) Thirty feet is now recognized as the standard dei)th for first-class 
harbor entrances. This is intended to provide some margin of depth, 
depending on the tide, against pounding the bottom in a seaway. 

{b) The North Sea-Baltic Canal is built with a depth of 29.52 feet (9 
meters). The Korth Sea-Amsterdam has a depth of 27.88 feet, and an 
eventual depth of 35.5 feet is projected. The Suez was originally con- 
structed for 2(5.24 feet (8 meters), and is undergoing progressive enlarge- 
ment and deepening. The Panama project adopted 27.88 and 29.52 feet 
in different sections, and the Nicaragua project 28 and 30 feet. Cor- 
inth and Manchester each has 26 feet. The North Sea Baltic and the 
North Sea Amsterdam may be taken as the latest type, with depths of 
29.52 and 27.88 feet, respectively. To float the same boat in fresh water, 
these canals would require to be 30.3 and 28.2 feet in depth, on account 
of less density. 

(c) In 1886 21.7 per cent of the vessels passing through the Suez 
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Canal exceeded a draft of 22 feet 11 inclies (fresh water, 23.5 feet), the 
limitiug draft being 24 feet 7 inches. In 1890, 29.3 per cent exceeded 
the above, and in 1895, 3(3.4 per cent. The limiting draft was fixed on 
April 15, 18U0, at 25 feet 7 inches (fresh water, 2G.3 feet). The propor- 
tion of large vessels between a draft (fresh water) of 23.5 and 20.3 feet 
has rapidly increased until in 1895 it was 36.4 per cent of the number 
and about 44 per cent of the tonnage, as inferred from the usual pro- 
portion between draft and tonnage. Half of this tonnage exceeded a 
fresh- water draft of 24.5 feet. 

(d) Freight vessels are in commission with a loaded sea draft of 26 
to 28 feet equivalent to a fresh-water draft of 26.6 to 28.7 feet. 

23. Assuming a fresh- water draft of 27 feet, equivalent to a sea draft 
of 26.3 feet, a good type of boat will have a breadth over all of 60 feet 
and a length over all of nine times the breadth, or 540 feet, with a cargo 
capacity of 11,000 to 15,000 net tons. 

(a) Recent lake practice for freight carriers gives a coefficient of 
displacement of 80 per cent, or the above boat would* displace 21,870 
net tons. The same practice gives maximum cargo capacity at 68 to 75 
per cent of tlie displacement. If taken at 70 per cent, the above boat 
would carry a maximum cargo of 15,309 tons. This type may betaken 
as the extreme limit. 

(b) For general service the coefficient may be taken at 70 per cent 
and the displacement at 19,140 tons. With more machinery and fuel, 
the cargo ratio may be taken at 60 per cent, and the cargo capacity at 
11,480 net tons. 

(c) Some of the latest Atlantic liners have coefficients ranging in the 
vicinity of 60 per cent. Of twenty-three of these vessels built since 
1880, eight exceed the above dimensions either in length or beam. 
This type is not considered of utility for future lake business. 

24. The locks required for the above type of boat are assumed to have 
a depth of 28 feet on the sills, a breadth of 64 feet, and a net length of 
560 feet, with lifts up to 40 feet where permissible: 

(a) The above dimensions give a better leeway than with the boats of 
the Ogdensburg line, which are built for the locks of the Welland Canal, 
their extreme width being 3 feet less than that of the lock, while their 
length is but 1 foot less than its net length and their draft is prac- 
tically the depth on miter sills. 

(/;) Bach of the several canals can be so designed as to bring the 
locks in the same locality so as to save delay. The single individual 
lock is considered better than the fleet lock and can be operated more 
quickly, and the maximum facilities may be provided by duj^licate locks. 

(c) The lift of locks sliould be made as great as possible where con- 
ditions permit, as time is consumed by the number of locks rather than 
by the lift. It is believed to be practicable to construct quick-acting 
locks, with girder gates and lifts of 40 feet, and much of the canal 
work can be better laid out for large lifts. 

(d) With the least possible number of locks, quick operation, and 
provision for the speedy handling of boats into and out of the lock, 
much of the objection on account of delays will be obviated. 

25. The question of canal prism and channel depth is important, and 
aside from the question of lockage, the efficiency of works for vessels 
of the largest class depends thereon : 

(a) The subject of ship resistance in restricted channels is a matter 
requiring comprehensive investigation in view of the proportion of 
such channels on lake-seaboard routes. In addition to a sufficient ratio 
of cross section of canal to the midship section of the boat and ample 
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width for two boats to pass, the shape of the section is important^ 
Experience sliows that within certain limits and. with sufficient width 
of prism, depth beneath the boat is essential botli to speed and carry- 
ng capacity. 

(b) As a trial section a minimum prism of 10,000 square feet is sug- 
gested, or a ratio 5.6 times that of the lock prism and 6.2 times that of 
the boat, with a depth of about 20 per cent in excess of lock depth 
and 25 per cent in excess of draft of boat, say a depth of 33^ feet and 
a mean width of 300 feet. In some situations greater depth would be 
justified at the expense of width, and again other situations might 
make 30 feet expedient. The general proposition is that when depth 
is readily obtainable an increase will be advantageous, and this is rela- 
tively a small item of cost in the bottom of deep cuttings. 

(c) In open water where the depth may be increased at any time, this 
is a matter of less importance, but depth here will greatly facilitate 
speed and steering qualities, a matter of importance in channels as 
crowded as are the intermediate channels of the lakes. On this account 
and uncertain drifting due to currents and wind, lake interests are ask- 
ing for widths of GOO feet and more according to locality for submerged 
channels, and future conditions will doubtless make expedient a width 
of one-fourth mile with such depth in excess of drait as may be found 
readily practicable. 

(d) Experience in navigating the Welland Canal shows that the 
bridges and other structures are a source of vexation, requiring great 
care in navigation. Every obstruction that checks speed involves loss 
of steering power and is to be avoided so far as may be possible. 

V. PROJECTS. 

26. In addition to a project for a navigation of the first class as devel- 
oped in the preceding sections, a project for navigation of the second 
class corresponds to present lake development, to much of the coasting 
trade, and to a vast general commerce with minor ports of moderate 
harbor depths. It is assumed that such a navigation is satisfied with 
dimensions in vessels, locks, and canal prisms of three-fourths of those 
heretofore discussed : 

{a) The vessel would have a length over all of 405 feet, a breadth of 
45 feet outside, and a draft of 20J feet, with a displacement of 8,000 to 
9,200 net tons, aud a cargo capacity of 4,800 to 6,400 tons. The lock 
dimensions would be 420 leet by 48 feet, with a depth of 21 feet on sills. 
The minimum canal section would be 5,625 square feet, or a depth of 

25 feet and a mean width of 225 feet. The cliaracter of work is set 
forth in the preceding discussion. 

(h) The above dimensions cover the lake fleet, except a few excep- 
tional boats built in the last two years for ore carrying and cai>able of 
loading to 20 feet. The largest of these have lengths of 426 to 438 feet, 
breadths of 45.5 to 48.27 feet, and will carry 6,300 to 6,800 net tons on 
19 feet and 500 tons more on 20 feet. The boats for general service are 
now well inside the dimensions fixed, but no limit can be given for 
special trades or even the general service, notwithstanding all routes 
are inside of 1,000 miles. It is to be assumed, however, that there will 
always be a trade demanding vessels within the limits set. 

(c) It will be seen by consulting the several profiles that the limiting 
depth at standard low water is, for the St. Marys River, 17.9 feet; 
Lake St. Clair, 18.8 feet; Lime Kiln Crossing, 19.3 feet, and Niagara 
River, 17 feet. By raising the level of Lake Erie as heretofore 
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described, over 21 feet would be given from Tonawanda to Lake St. 
Glair, Lake St. Clair would require another foot and the head of the 
river at Lake Huron nearly 2 feet. The St. Marys River will require 
a deepening of over 3 feet. The depth on the floor of the new lock is 
sufficient if changes can be made so as to utilize the limit, as in the 
Ganadian lock opposite. 

(d) The present limit to Lake Superior is 17.9 feet and between the 
other lakes 18.8 feet. By controlling the level of Lake Erie and by con- 
tinuing the policy of channel deepening at the other points, the stand- 
ard of 21 feet may be obtained, and all in line with the policy of ultimate 
development. The extension of this depth over any route to the sea- 
board involves no extraordinary works except in the construction of 
canals. As already set forth, these can be made in essential parts ou 
an ultimate basis without extraordinary increase in cost. 

27. As a measure of early utility and pending the execution of new 
projects, it might be feasible to so amend the Canadian canal system, 
now nearing completion, as to be adequate to nearly all the lake fleet 
as developed up to the recent deepening of main channel: 

(a) The Lake Superior trade has developed on a depth of 14.2 feet at 
standard low water as defined on the lower platform of the lock of 
1881, and that of the other lakes on about 14.5 feet. The depths on 
the sills of the terminal locks of the Welland Ganal are 13.7 feet at 
Lake Erie and 14.3 feet at Lake Ontario, and the canal has been open 
since the spring of 1887. The St. Lawrence canals now constructing 
between Prescott and Montreal vary from 14.4 to 16.2 feet on the sills 
of the several terminal locks. 

(b) No sufficient reason appears for the failure to develop a greater 
trade to Lake Untario points except the length of the locks, as the 
upper lake boats had outgrown these before the enlarged canal was 
opened. The number of locks and the length of time in passage and 
the lack of an adequate outlet from Lake Ontario may have contributed 
to the result. The locks are 270 feet long between hollow quoins and 
45 feet wide, with 14 feet on the sills. 

(c) The boats of the Ogdensburg line are built to conform to the locks, 
and are 255 feet in length, or within 1 foot of the possible limit, 42 feet 
over all, and carry a cargo of 1,750 net tons, with a depth of 14 feet on 
miter sills. With 16 feet the cargo would be increased to 2,200 tons. 
If the locks had been 125 feet longer the cargo would be 3,600 tons, or 
more than double the present limit, and this is about the limit of the 
general service boat on the lakes until recently, and represents a very 
large fleet running in various lines. 

(d) To raise the level of Lake Erie as already suggested provides 16 
feet in the summit level of the Welland. Some of the terminal locks 
require no change and others may be increased, while a few will need 
alteration or rebuilding. To raise intermediate levels and lock walls 
and to lengthen the locks to 395 feet may not be practicable. The ease 
and cheapness with which this could originally liave been done, con- 
sidering its value, encourages the hope that it may still be feasible to 
amend the work in progress and completed. A St. Lawrence-Ghamp- 
lain canal could thus furnish an early and valuable service to New En- 
gland points. 

28. The project outlined contemplates a first-class navigation for the 
largest type of ocean carrier now in use and also a navigation of the 
second class adapted to the present interlake trade, to coasting, and to the 
secondary foreign movement. The several considerations advanced are 
designed to determine a policy in accordance with which all schemes of 
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work may be projected to some consistent and ultimate end that shall 
comprehend the greatest possible utility: 

(a) It is conceived that with the progressive improvement of inter- 
mediate channels some of the capital works will be undertaken and that 
the development will be in the direction of extending the area of lake 
navigation as securing the largest immediate benefit from the invest- 
ment. It is believed that this may be done in harmony with the ulti- 
mate policy without undue increase in cost. In other words, the 
Niagara Ship Canal could be built on the ultimate design, but deferring 
such work as can be developed progressively or built as required with- 
out detriment to the final plan. How far this may be feasible in respect 
to this and other works can only be told as a final project is matured 
from detailed information. 

(h) These remarks apply to other capital works and also to the ques- 
tion of expediency involved in the improvement suggested for the present 
Canadian cana] system and in that connection the immediate carrying 
out of the section of work between Lake St. Francis and Lake Cham- 
plain. 

(c) The scheme of work is based on locks in two sizes and adapted to 
a navigation of the first and second class. At an early day after the 
completion of the work as a whole each of these ty[)es will require 
duplication, and before the movement has reached the proportions of 
that now existing through the Detroit Eiver. It is not assumed that 
these types will exhaust the requirements. There are vessels in service 
in the merchant marine and in the Kavy, sidewheel boats on rivers and 
sounds and tows for which a fleet lock ujay eventually be expedient. 
It is assumed, however, that the towing practice in certain trades on the 
lakes is simply the natural outgrowth of the economy of large carrying 
which must conform to limited depths and is in itself an argument for 
greater depths and the higher economy of the single hull. With the 
development of these greater depths the fleet tendency is likely to 
diminish. 

29. The control of the level of Lake Erie is desirable if it can be 
accomplished by works in the vicinity of Tonawanda and on the oppo- 
site side of Grand Island, hot only as an improvement of the rock chan- 
nel near the mouth of the Detroit River, but especially as a measure 
of radical improvement for the Niagara River, and a contribution to 
the Niagara Ship Canal. It is believed to be justified solely in connec- 
tion with the passage from Lake Erie to Lake Ontario : 

(a) It has been suggested that standard low water on Lake Erie 
should be raised 2.28 feet. This figure is taken arbitrarily as corre- 
sponding to 16 feet in the Welland Canal, and is well within the limits 
of high water, so no extraordinary question of damages is involved, 
but otherwise is not necessarily a measure of what can or may be 
wisely done. With due allowance for the slope in the Niagara River, 
the water at Tonawanda would be raised 7 to 8 feet above standard low 
water. 

(b) To accomplish the above result would require a material improve- 
ment in the throat at Black Rock and a deepening of 5 to 6 miles of 
river and entrance in order to secure 30 to 33 feet of water. The sum- 
mit level of the canal between Tonawanda and the mountain ridge 
near Lockport would be materially reduced in excavation. 

(c) The general route for the canal as proposed in 1889 seems prefer- 
able to any other, with a possible modification in favor of a location 
along the general course of Tonawanda Creek and the Erie- Canal 
between the Niagara River and the *' gorge ^' at Lockport. No other 



REPORT OF U. S. DEEP WATERWAYS COMMIiSSION. 27 

route that lias been surveyed from the ^N^iagara lliver to a lower point 
has equal availability ou account of the continuous rock bed and limited 
depth below Tonawanda and the impracticability of farther down- 
stream extension of the L^ke Erie level. 

{d) Most careful surveys and studies will be required to determine 
the actual practicability of the solution herein suggested. It is obvi- 
ously desirable, and it is believed on superficial examination that it will 
be found within the domain of feasibility. 

30. ^o experimental work is involved in the development of any 
useful depth through the intermediate channels of the upper lakes: 

(a) In a route of over 1)00 miles between Chicago and Buifalo the 
obstructions to a dei>th of 30 to 33 feet are about 44 miles, or about the 
same as the imi)roved St. Lawrence below Montreal on a depth of 27.2 
feet. Of this, 18 miles are through Lake St. Clair, which is understood 
for the most part to be of the easiest class of dredging and not more 
difficult than was Lake St. Peters on the St. Lawrence. Ten to 11 
miles are near the mouth of the Detroit River and in part is known to 
be rock. Methods for this work have been developed. If these are 
too tedious and expensive, it will be feasible to unwater the American 
channel and execute the work more quickly and satisfactorily and at less 
probable cost. The remaining 15 miles are scattered shoal stretches 
which are not known to involve any special dii5iculties. 

(b) The route into Lake Superior through the St. Marys River 
involves some 27 miles of deepening aside from the canal. Portions of 
this are known to be a friable and laminatSd sandstone, which in j)art 
yields to dredging, and it is probable that machines would be devised 
to handle it efficiently if a radical improvement warranting the same 
were to be undertaken. 

31. Eastward from Lake Ontario, the data are in part suggestive only, 
yet certain features are obvious and no extraordinary conditions are 
involved except in the magnitude of the works: 

(a) The same dredging fleet that has through a series of years deep- 
ened the St. Lawrence below Montreal to 27.11 feet has only to continue 
in service as it is now doing to i)r()duce 30 and 33 feet. The improve- 
ment of Lake St. Louis and Lake St. Francis is the continuation of 
work of a different character, but of much less extent. The improve- 
ment of the shallows of Lake Champlain is believed to be less difficult, 
as the material in large i)art is probably alluvial. Xo reason appears 
why the Hudson Kiver beh)vv the State dam at Troy should be more 
difficult as a whole than that of the St. Lawrence, and the extent of 
work is much less. 

(b) The American shore along the rapids of the St. Lawrence between 
Ogdensburg and St. Regis seems to be most available for a ship canal 
of the first class, and it is anticipated that a full survey will develop 
special adaptation. Between Lake St. Francis and Lake Champlain, 
the southern route explored by Mr. Barstow seems to have advantages 
in being some 26 miles shorter than any other and with that much less 
of shoal water. Detailed surveys will be required to develop its merits. 
A ship canal from Lake Oham[)lain to tidewater of the Hudson involves 
a formidable cutting and the damming of the valley above Waterford. 
Aside from its magnitude there does not appear any obstacles of 
moment, and the seriousness of these great cuttings, which has grown 
less formidable in the last few years, may greatly diminish on final 
study with a view to practical work. 

(c) Little further can be mentioned in regard to the Mohawk route. 
The divide west of Little Falls is a filled-in valley, and tliis discovery 
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promises a better condition than heretofore assumed. The knowledge 
brought together in this investigation has developed a more favorable 
opinion respecting this line, but the best treatment is not yet obvious, 
and conclusions must await the test of final surveys and a matured 
project. 

VI. MISCELLANEOUS. 

32. The ice record is incomplete and general deductions are not war- 
ranted. Those records that have been continued for fifty to eighty years 
fail to disclose any systematic change such as would follow a change of 
climate, and it appears that the average ice season for any twenty years 
may be taken substantially as the average for any other twenty years or 
for any longer period. There seems to be quite a systematic and 
uniform increase in duration with latitude from 37 <legrees north to the 
Canadian highlands, north of which the increase is slower. The course 
of rivers and streams and the character of the body of water are alsp 
influential. The normal variations have not been worked out. 

33. The record of lake fluctuations is also incomplete. These records 
fail to show any change such as might be due to a change in precipita- 
tion and rainfall and the inhabitation of the watershed. It appears that 
the first half of the century had greater extremes of both high and 
low water than the last half in the region of the three upper lakes, 
while no special difference appears in the region of the lower lakes and 
the St. Lawrence. From 1815 to 1830 there appears to have been lower 
water in all the lakes thai* the period now passing, except Lake Cham- 
plain, which has had the lowest and highest water of seventy years 
within the last thirty. Conditions do not seem to be normally similar 
in all the lakes, and it is rare that all cooperate in a low or high water, 
which fact tends to equalize conditions. 

34. No effects on levels have appeared from the progressive deepening 
of channels except at Montreal, where the water has been lowered 
locally by a foot or more, and this is obviously due to special conditions 
in th»* vicinity. Special study has not been given this matter, however, 
but it is anticipated that the radical improvement of the passage 
between Lake Huron and Lake Erie will produce a sensible effect on 
the level of Lake Huron-Michigan. As most of this effect will occur in 
the delta of the St. Clair and in the lower reach of the Detroit River, it 
may be largely masked by the raising of the level of Lake Erie. The 
improvement of the St. Mary's Kiver may have lowered the water at 
the locks, and this effect may be anticipated from further enlargement. 
The radical project herein considered will bring the level at the locks 
well down toward the level of Lake Huron. 

35. The raising of Lake Erie by 2.28 feet will raise the level of Lake 
St. Clair by about 1 foot, so far as can be inferred from a study of gauge 
relations, and the effect would disappear at the head of the St. Clair 
delta. The investigation has, however, not been sufticient for a final 
determination so as to conclude the matter. No sufficient reason has 
appeared for the control of the level of the lakes other than Erie, and 
this is justified in large part in connection with the Ii^iagara Ship Canal. 

36. It may be said in regard to iuture works of navigation that expe- 
rience in the last few years in this country and Europe has been revo- 
lutionary in the development of appliances and in the methods for 
handling large cuttings, and these can now be undertaken with confi- 
dence both as regards cost and time of completion ; and, further, that 
canals in rock cuttings can be so planned as to cost but little more per 
mile than in the kind of drift so common to canal locations. Further 
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advances in earth removal are to be anticipated in some favorable situ- 
ations. In under- water work the advance has been notable, and much 
is yet to be anticipated from the further development of hydraulic 
dredging. Machines are also in operation capable of handling many 
kinds of friable and stratified rock. In construction, a desirable 
advance has been made in the direction of monolithic masonry, which 
is cheaper and much superior for much of the work in question, and 
most anything may be attempted in the way of metals. While recent 
developments have furnished tried resources for every problem, the 
next series of great works is likely to produce further advances, so that 
no doubt need exist on the practical side in execution. 

The mistakes, if any, are likely to occur from not having considered 
sufficiently all elements of the problem, and in works of such extraordi- 
nary magnitude an error involves a cost in comparison with which any 
mere cost of proper data and consideration thereof is a vanishing 
quantity. 

CONCLUSIONS. 

After considering this question in its various aspects, we conclude — 

First. That it is entirely feasible to construct such canals and develop 
such channels as will be adequate to any scale of navigation that may 
be desired between the several Great Lakes and to the seaboard, and 
to conduct through the same domestic and foreign commerce, and that, 
in our opinion, it will be wise to provide for securing a channel of a nav- 
igable depth of not less than 28 feet. 

Second. That starting from the heads of Lakes Michigan and Supe- 
rior, the most eligible route is through the several Great Lakes and 
their intermediate channels and the proposed Niagara ship canal (Ton- 
awanda to Olcott) to Lake Erie; and that the Canadian seaboard may 
be reached from Lake Ontario by the way of the St. Lawrence Eiver, 
and the American seaboard may be reached from Lake Ontario by way 
of the St. Lawrence Eiver and Lake Ohamplain and the Eludson liiver, 
or by way of the Oswego-Oneida Mohawk Valley and the Hudson 
Eiver. 

Third. That the alternative routes from Lake Ontario to the Hudson 
Eiver require complete surveys and a full development of economic 
considerations to determine their relative availability. 

Fourth. That a moderate control of the level of Lake Erie and of the 
Niagara Eiver above Tonawanda may be justified in connection with 
the Niagara ship canal, the determination in this matter to rest on a 
full examination of the i)hysical conditions. 

Fifth. That the policy should contemplate the ultimate development 
of the largest useful capacity, and that all works should be planned on 
this basis, and that the actual execution should conform thereto, except 
in so far as the works may, without prejudice, be progressively developed 
with the actual demands of commerce. 

Sixth. That it is practicable to develop the work in separate sections 
and the several sections in part by degrees, each step having its eco- 
nomic justification, so that benefits shall follow closely on expenditure, 
without awaiting the completion of the system as a whole. 

Seventh. That the completion of the entire system as quickly as 
proper projects can be matured and economically executed is fully 
justified. 

Eighth. That the Niagara ship canal should be first undertaken, and 
incidentally the broadening and further deepening of the intermediate 
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channels of the lakes, the same being in the logical order of develop- 
ment, and also requiring the least time for consideration. 

As collateral to the main questions, and in view of the magnitude of 
the interests involved, the exhaustive consideration of all physical con- 
ditions that may determine the effects of proposed works or influence 
the character or features of a design should be concluded, but this 
need not delay the inception of plans or the beginning of work, but is 
likely to bear upon the manner of their com])letion. It is usually prac- 
ticable to supply sufficient elasticity in design to meet any margin of 
uncertainty involved in these considerations. 

In view of the international character and relation of a part at least 
of the works that will be required and of riparian interests involved, 
it seems expedient to make the examinations and projects and carry 
on the works through a commission that may be possessed with certain 
limited international functions. 

Specifically, the matters which call for early action may be epit- 
omized as follows : 

RECOMMENDATIONS. 

I. That complete surveys and examinations be made and all needful 
data to mature projects be procured for — 

(a) Controlling the level of Lake Erie and projecting the Magara 
ship canal. 
(S) Developing the Oswego-Oneida-Mohawk route. 

(c) Developing the St. Lawrence-Champiain route. 

(d) Improving the tidal Hudson Elver. 

(e) Improving intermediate channels of the lakes. 

II. That the collecting and reducing of existing information, supple- 
mented by reconnoissances and special investigations, be continued 
until the general questions have been fully covered. 

III. That a systematic measurement of the outflow of the several 
lakes and a final determination of their levels shall be undertaken. 

lY. The complete surveys and investigations, with measurements of 
the outflow of the several lakes and full investigation of collateral 
questions, will cost not less than $600,000 and require some years of 
time. 

It is possible that the measurement of the outflow of the lakes and 
the final levels can be as well done through some other agency, and 
this item may be taken at $250,000, to be expended through a series of 
year/3, and this should be at once undertaken on account of the pre- 
vailing low water of the lake system, which can not be expected to 
continue. 

The specific surveys and investigations are in themselves estimated 
at $350,000 and will take two or three years, and of this not less than 
$150,000 should be appropriated the first year, along with such addi- 
tional sum as may be required for measuring the outflow of the lakes, 
of which $100,000 should be made available during the first year. 

Eespectfully submitted. 

James B. Angell. 
John E. Eussell. 
Lyman E. Cooley. 
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INTRODUCTION. 

At.the January meeting of the Commission it was recognized that 
the means placed at its disposal were inadequate to the entire subject- 
matter. It was therefore decided, so far as practicable, to make a. 
systematic presentation of existing data, supplemented by special 
inquiry and reconnoissance where the same was known to be deficient* 
It was assumed that thereby certain general conclusions would be 
obvious, the possibilities would be developed, and the character of a 
project so far determined as to justify recommendations in regard to 
the final surveys and investigations for a specific project, with estimates 
9£ cost. 

The scope of the work was considered in outline and the duty of 
carrying out the same was intrusted to tbe writer. The scheme of topic 
has been elaborated into the several schedules hereinafter presented. 

Work began on February 1 with a small force of assistants skilled in 
this kind of research, and was vigorously piished in the expectation 
that such matter could be prepared as would warrant tbe Congress then 
in session in further appropriation. By the end of May a report was 
deemed expedient, and the Investigation has been followed since with a 
reduced force. 

A great mass of information has been brought together and digested. 
Nevertheless the ground has not been covered as fully as anticipated. 
For many years the writer has been following the line of inquiry and 
has supervised investigations in several directions, and the field of these 
former explorations was rapidly covered. No sufficient credit was given 
for the time and labor involved in these earlier researches, and con- 
sequently the newer topics have been quite underestimated. Had the 
appropriation been adequate to a larger force it is probable that the 
work mapped out would have been completed, as topics which have not 
been reached could have been taken under advisement. At the same 
time, some topics require time which no increase of force could reduce. 

It was recognized at the outset that all matters germane to the inquiry 
could not be considered and efforts were therefore largely restrict<^d to 
those topics about which the least is generally known by those who are 
called upon to consider the subject of this inquiry. It was also deemed 
wise at this stage to make data exhibits only and to defer conclusions 
until all essential or obtainable evidence had been examined. 

SCOPE OF THE VTORK. 

The topics requiring consideration have been arranged in four char- 
acteristic schedules. 

The first of these was designed to present, by means of profiles and 
itid^ps, the f)hysicail conditions on all routes which have been considered 
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as available for waterways between the several lakes and from the 
lakes to the Atlantic seaboard. 

The second schedule pertained to the hydrology of the basin of the 
lakes and of the St. Lawrence and Hudson rivers. 

The third schedule related to a class of topics which determine the 
character of a project and the relative utility of routes. 

The fourth schedule was to embrace the historical, statistical, and 
economic topics which justify an undertaking. 

No special work has been undertaken under the fourth schedule. 
The bearing of these topics is better understood than those of the 
other schedules, and the inferences tilierefrora are subordinate to the 
physical determinations. This schedule was therefore deferred. Some 
topics of the first schedule are incomplete for lack of data, but these 
are of a subordinate character, in nowise aflectiug conclusioos. Two 
important topics of the second schedule have not been undertaken:^ 
owing to the amount of work involved and to insufficient data. Only 
€m& topic of the third schedule has been developed beyond the prelimi- 
Bary stage, but this has probably taken more time and labor than 
would be required for the other topics. 

EXHIBIT A. — PROFILES AND MAPS OF WATER ROUTES. 

The first exhibit, known as Exhibit A, is represented by a general 
report and two special reports and fifteen sheets of drawings showing; 
maps and profiles, designed to illustrate the physical conditions 
existing on various routes and sections of routes between Chicago and 
DuJuth-Superior and the Atlantic seaboard by way of the Hudson 
and St. Lawrence rivers. The inain profiles are drawn to a uniform 
scale, while subordinate routes, or those about which the data are 
meager^ are shown to a minor s<;ale, all being referred to mean sea 
level. The authority for the several profiles is fully set forth on the 
drawings and in the notes accompanying the same. The following is 
the exJiibit: 

THE LAKES AND ATLANTIC WATERWAY. 

Cbicago and Dnluth-Superior ta the seaboard. 

Throngh the Gre«it Lakes- and by the St. Lawrence River a/nd bjihe HudAon River. 

Notes of exptlanatl-on to accompany profiles and maps. 

Report on Oswego-Oneida-Mohawk route. 

Special report on reconnoissances — St. Lawrence-Champlain route. 

PROFILES AND MAPS. 

1. General profile. With distance diagram, 
la. General-route map. 

2. Lake Superior to Lake Huron. 

3. Lake Michigan to Lake Huron. 

4. Lake Huron to L^tke Sria. With, sketch and profile—St. Clair and Erie ship^ 
canal. 

5. Lake Erie to Lake Ontario. With outline map. 

6. Lake Ontario to Lake St. Francis, through the St. Lawrence River. With oat- 
line map. 

7. Lake St. Francis to Lake Champlain and to Montreal. With outline map. 

8. St. Lawrence River from Montreal to deep water below Quebec. 

9. The Champlain-Hudson VaHey ftom St. Johns, Province of Quebec, to Troy- 
Dam, New York. 

- 10. Hudson Rivef from Troy Dam to Atlantio Oeeaosk. 

11. Lake Ontario to Hudson River through the Oswego-Oneida-Mc^awk Yallc^r. 
Ha. Map (same), with profile> showing also Champlain-Hndson Valley. 

12. Georgian Bay to Lake Ontario through Lake Simcoe. (Half scale.) With oat- 
line map. 
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ISs. The Ottawa xoate, from Georgian Bay to. Richelieu River. (Half sc^le.) 

14. Early canal systems. (One-fourth scale.) Erie of New York, United States; 
Rideau-Trent of Ontario, Domiuion of Canada. 

15. Interlake routes. (Not delineated.) Superior and Green Bay Canal; Gran^ 
Saginaw route ; Michigan and Erie ronte. 

Western New York. (No profile.) 

New York and Pennsylvania. (No profile.) 

It was discovered at an early day that the data for a preliminary pro- 
file by the Oswego-Oneida- Mohawk Valley from Lake Ontario at Oswego 
to the Hudson River at Troy was entirely insufficient. The coopera- 
tion of Mr. William Pierson Judson, of Oswego, N. Y., was secured in 
the compilation of existing data and in securing further data in the 
Aeld, which has enabled a map and profile of high degree of accuracy 
to be produced. Although the utility of this valley for ship-canal pur- 
poses has been discussed for a long time, this is the first attempt to 
show its physical features by a map and profile.^ Mr. Judson's map 
also shows the Ghamplain-Hudson Valley. 

The data for a route from the St. Lawrence River at the foot of Lake 
St. Francis to Lake Ghamplain was also very unsatisfactory. The Deep 
Waterways Commission of Canada^ undertook careful surveys via St. 
Johns and the Richelieu River, but the results were received too late 
for incorporation in the exhibit (profile No. 7) further than to determine 
the route on the map. Meantime a recounoissance was made for the 
Commission by Mr. F. M. Barstow, of Burlington, Vt., of a route farther 
south and some 26 miles shorter. This route follows the valley of English 
River and Norton Creek, and, crossing the intermediate ridge, enters 
the valley of the Great Chazy River west of Rouses Point, and reaches 
Lake Ghamplain 7 miles south of the international boundary. This 
recounoissance has developed a very promising line, which justifies a 
comprehensive survey. 

A recounoissance was also'made for the Commission by Mr. Barstow 
of the south shore, along the rapids of the St. Lawrence, between 
Ogdensburg and St. Regis, and it is apparent that the availability of 
this territory for ship canal location should be tested by proper surveys. 

A preliminary recounoissance was made of what is known as the 
" South Bay route,'' at the head of Lake Ghamplain and between South 
Bay and Fort Ann, but without significant results* 

Special reports are submitted upon the Oswego-Oneida-Mohawk 
route and upon recounoissance pertaining to the St. Lawrence Gham- 
plain route. 

The exhibit omits certain subordinate profiles for which the data were 
unobtainable with the means at command. 

It was proposed to delineate three " Interlake routes " which had 
been suggested for shortening distance, all leading from Lake Michigan 
and terminating respectively in Lake Superior, Lake Huron, and Lake 
Brie; also a route through western New York tor a ship canal or for a 
feeder for the summit level of the proposed Oswego-Oneida-Mohawk 
Ganal. A route from Lake Ontario south to Chesapeake Bay via the 
valley of the Susquehanna was considered worthy of delineation. 

The complete exhibit as outlined would have covered all practicable 
suggestions in regard to routes capable of varying degrees of develop- 

^The Commission was furnished with an approximate profile by Hon. Campbell C. 
Adams, State engineer and surveyor of New York, through Mr. William J. Himes, 
division engineer Erie Canal. Mr. Himes's profile was utilized by Mr. Judson. 

2 A profile of the St. Lawrenee River proper was also fnrnished through Mr. 
Thomas Monro, member. 
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ment. While such a presentation would make obvious the truly sig- 
nificant routes for deep water, accentuate their merits, and show by 
contrast the narrow limits governing a choice, the routes of special 
merit for first-class development are fully covered. 

EXHIBIT B.— HYDROLOGY. 

This schedule is represented by five topical reports, illustrated by 
nine sheets of maps and diagrams. The exhibit is as follows: 

1. Elevations for the Great Lakes and for the St. Lawreuceaud Hudson rivers. 
(Manuscript^ in four parts.) 

2. Water levels for the Great Lakes and St. Lawrence River, 1860-1895. (Manu- 
script; tables, 15 in number, with supplemental table for 1896; diagrams, Nos. 1, 1», 
2, 3, and 4, 4 in number. ) 

3. fiadin of the Great Lakes and of the St. Lawrence and Hudson rivers. (Manu- 
script and map.) 

4. Effects of gales on Lake Erie. (Manuscript; diagrams, three in number.) 

5. Water levels for the Great Lakes and St. Lawrence Kiver prior to 1860. (Manu- 
script, including tables.) 

6 and 7. Kainfall and discharge. (Not taken up.) 

One of the first things to be investigated was the subje/Ct of eleva- 
tions with a view to a common plane of reference for profiles and water 
levels throughout the water system under consideration. The text 
shows that this has been done with such accuracy, that material changes 
in elevation are not to be expected from future leveling. There has 
been added to thiS discussion, for purposes of reference, special eleva- 
tions and planes and a list of harbors with their depths and that of 
improved channels and canals. 

The compilation of the tables of water levels since 1860 has required 
much care, and these have been verified by comparisons with the origi- 
nal records in the several engineer ofiiceij. A standard low water has 
been determined, which was designed to represent the same navigation 
value throughout the entire water system, and to this all profiles have 
been reduced. As will be seen by consulting the harbor, channel, and 
canal list in the first topic, a great variety of planes have been in use in 
the several districts and in works undertaken at different times, and for 
any scheme of general development on through routes it was necessary 
to determine a plane having a uniform value throughout. 

The third topic gives the result of measurement of the very best 
available maps in the United States and Canada. The watersheds 
have been defined through the Canadian highlands by the offtce of the 
Canadian Geological riurvey, and although there is some uncertainty in 
portions of this territory, the results given are likely to be as good as can 
be obtained until actual surveys are made ot those little-known regions. 

The fourth topic is a most interesting discussion by Mr. William T. 
Blunt of wind ellects on the level of Lake Erie, and is a kind of 
research which should be extended to the other lakes. This, the money 
available did not permit. The effects on Lake Erie are more charac- 
teiistic than elsewhere, and the subject has added importance in view 
of the proposition to regulat** the level of this lake. 

The fifth topic relates to the water record prior to 1860. This is the 
ffrst attempt at a complete compilation of the available data. Original 
records have been referred to wherever possible. It is believed that 
further information will reward an exhaustive research, and that when 
all possible data have been collected and digested, important conclusions 
may be drawn in regard to the conditions existing prior to the inhabita- 
tion of the watershed in comparison with the present. As the final 
com])letion of this topic may involve several months, the results are 
presented in hopes that thereby new sources of data may be discovered. 



REPORT OF U. 8. DEEP WATERWAYS COMMISSION. 37 

The distribation of rainfall and its relation to lake fluctuation is a 
subject of much interest, but in view of the very great labor and time 
required to handle this topic it has not been undertaken. 

The outflow of the lakes is a matter of primary importance in regard 
to which the data are very meager. A study of the available material 
has been made on former occasions, and the discussions are accessible.^ 
Some new material has since been obtained, but it has not been possible 
to undertake a new digest of existing information, which is admitted 
to be very unsatisfactory. 

The whole question of the outflow of the lakes and its variation with 
stages of water-^aud its relation to rainfall ks well — is conceded to be 
of tlie very first importance. Many conclusions are thus left to infer- 
ence which demand the most complete demonstration — a condititm that 
is intolerable, considering the magnitude of the questions involved. 

A knowledge of the above series of topics is essential in order to value 
the effect of any projected work upon these bodies of water and on 
riparian interests of very great magnitude. 

EXHIBIT C. — PRACTICAL. PROBLEMS. 

The topics under this schedule are as follows: 

1. The ice season, basin of tbe Groat Lakes and surrounding territory. Notes; 
tables, 176 in numiier and general data; diaij^rains, 5 in number. 

2. Winter commerce. Notes. (Not completed ) 

3. Steam-carrying fleet. Dimensions and draft. (Not completed.) 

4. Resistance of ships in restricted channels. (Not completed.) 

5. Canal prisms, locks, methodjs of construction. (Not taken up.) 

The first topic only has been sufficiently completed to warrant pres- 
entation. It comprises 176 tables and gives diagrams. This has 
involved very great research and extensive correspondence. The topic 
has developed with the progress of the inquiry and is regarded as emi- 
nently worthy of further and exhaustive research. The subject has 
given rise to many new ideas and its practical and scientific importance 
cannot be overestimated. It is found that heretofore very little system- 
atic data have been collected in this field. It has not been thought 
wise to attempt general conclusions until tlie data could be more fully 
digested and reeiiforced by further records from inland points. 

Preliminary consideration has been given to the other topics in prep- 
aration for a systematic investigation and some general ideas formed, 
which, however, are entirely tentative. 

The subject of winter commerce is likely to develop possibilities 
quite unanticipated, except by the very few who have had some prac- 
tical experience in this direction, and the season of ordinary navigation 
may be materially prolonged. 

No general compilation has been made of the steam-carrying fleet 
giving outside dimensions and proper draft, and no sufficient study has 
been given the matter in its relation to the future development of the 
lake, seaboard, and foreign traffic. 

The resistance of ships in restricted channels is in itself a matter of 
prime importance, not only in determining the relative value of routes, 
but in fixing the dimensions and character of channels that should be 
provided. The existing knowledge on this subject is at best in very 
unsatisfactory shape, and special data may be required for a proper 
solution. The matter has been pursued far enough to indicate the neces- 
sity for a radical revision of the old formulae. In view of the amount 

1 Journal of the Association of Engineering Societies, March^ 1889. Report of the 
Chief of Engineers, U. S. A., 1893, page 4364. 
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of canal prism and sballow water incident to any route for fi[rst-class» 
navigation, the matter requires exhaustive treatment if results are to 
be obtained which may not prove disappointing. 

The subject of canal prisms and locks and methods of construction 
is undergoing a revolution, the outcome of which is likely to render 
projects practicable which heretofore have been regarded as a little 
more than visionary. A discussion has not seemed warranted until the 
investigation of antecedent topics has determined the requirements. 

It will be perceived that Exhibit is the key to practical conclu- 
sions, though conforming in their application to the conditions developed 
under the topics of Exhibits A and B. 

OENSRAL REMARKS. 

• 

A careful consideration of the matter presented under the foregoing 
heads makes clear the real magnitude of the inquiry and the need of a 
comprehensive presentation of the physical conditions to be dealt with 
in any proposition for the radical development of navigation. In view 
of the very great proportions of the problem and the large cost of any 
radical development and the relation of such a development to the 
future of the country, it has seemed frivolous to venture mere opinions, 
and it has been preferred to develop the data topics as fully as the 
means would permit, in the expectation that thereby the main questions 
would be obvious to the discerning. 

In undertaking this investigation, it was not anticipated that it would 
be feasible to more than collate existing material and clear up the gen- 
eral subject, so that the direction of final surveys and inquiries C(4uld 
be pointed out. This may be done at least tentatively and in part. 

In closing this report I must commend the uniform interest shown in 
the work by persons in official and private station. Every request for 
data has met with prompt and full response, often at the cost of much 
labor and time. Had it not been for this, the inquiry would have been 
fruitless in many directions. What this means may be inferred from 
the fact that some of the material furnished runs back thirty to forty 
years, and has required much care in reduction. Pains have been taken 
in the drawings and manuscripts to credit this data to the proper 
authority. 

I must also commend the devotion and ability of my assistants, 
Edgar Williams, A. E. Kastl, J. E. Maloney, and Charles Poore, and 
the skill and care of my draftsmen, G. A. Lichtenburg and Hermann 
Heinze. Although I have given all the work my close personal super- 
vision, this does not detract from their credit for whatever merit may 
attach to the matter submitted. 

The Commission is under special obligations to Mjy. W. S. Stanton, 
Lieut.-Col. Jared A. Smith, and Capt. Smith S. Leach, in permitting 
the cooperation of their assistants, Mr. William Pierson Judson, Mr. 
William T. Blunt, and Mr. F. M. Barstow, when not occupied with offi- 
cial duties, and these gentlemen have rendered service of high character 
at very little cost. 

I take pleasure in acknowledging the uniform courtesy of the severa^l 
departments of the Canadian Government in responding fully to every 
request for information. 

Very respectfully submitted, 

Ltman E. Cooley. 

Dr. James B. Angell, 

Chmrmam, De^p Waterwapf Commission. 



EXHIBIT A. 



THE LAKES AND ATLANTIC WATERWAY. 

CHICAGO AND DULUTH-SUPERIOR TO THE SEABOARD, THROUGH THE GREAT LAKES 
AND BY THE ST. LAWRENCE RIVER AND BY THE HUDSON RIVER. 



NOTES TO ACCOMPANY PROFILES AND MAPS. > 

Profile No. 1. General profile. With distance diagram. 

Map No. la. General-route map. 

Profile No. 2. Lake Superior to Lake Huron. 

Profile No. 3. Lake Michigan to Lake Huron. 

Profile No. 4. Lake Huron to Lake Erie. With sketch and protile^^St. Clair aad 
Krie Ship Canal. 

Profile No. 5. Lake Erie to Lake Ontario. With outline map and sketches of alter*^ 
native routes. 

Profile No.^. Lake Ontario to Lake St. Francis, through the St. Lawrenee River. 
With outline map. 

Ptofile No. 7. Lake St. Francis to Lake Champlain and Montreal. With outline map. 

Profile No 8. St. Lawrence River to deep water below Quebec. 

Profile No. 9. The Champlain-Hudson Valley, from St. Johns, Province of Quebec, 
to Troy Dam, New York. 

Profile No. 10. Hudson River from Troy Dam to Atlantic Ocean. 

Profile No. 11. Lake Ontario to Hudson River, through the Oswego-Oneida-Mofaawk 
Valley. 

Map No. 11a. Map of the Oswego-Oneida-Mohawk Valjey, showing also the Cham> 
plain-Hudson Valley. 

Profile No. 12. Georgian Bay to Lake Ontario, through Lake Simcoe. With outline 
fiiap. 

Profile No. 13. The Ottawa route, from Georgian Bay to Richelieu River. 

Profile No. 14. Early canal systems. Erie of New York, United States; Rideau- 
Trent of Ontario, Dominion of Canada. 

Profile No. 15. Interlake routes. (Omitted.) Superior and Green Bay, Grand- 
Saginaw, Michigan and £^rie. 



INTRODUCTION. 

A series of profiles and maps has been compiled for the purpose of 
exhibiting the possibilities of deep-water routes through and between 
the several lakes and by the St. Lawrence and Hudson riv^s to the 
Atlantic seaboard. This series comprehends the lines of past develop- 
ment, of works now in progress and proposed, and the lines feasible for 
future development, including alternative routes and loops for shorten- 

^ Compiled in the office of the Commission from memoranda made in working np 
the several profiles and maps for the United States Deep Waterways Commission, 
Chicago, August, 1896. 
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ing distance. The object is to present once for all, regardless of relative 
merit, an exhibit of all routes having any elements of feasibility, for 
uniting the several lakes and reaching the eastern seaboard. All routes 
for merely tributary projects, or for connecting the lakes with other 
water systems, have been excluded. 

This work has involved some new examinations in the field and a 
painstaking research for the data of early surveys, and has required 
great labor and patience in digesting the material and reducing the 
same to a uniform standard for presentation. But for the cordial cooper- 
ation of all in custody of original information, the work would not have 
been practicable. 

These notes are Intended to catalogue the several profiles and maps 
of the series and to authenticate and explain such matter as may not 
otherwise be suflSciently exhibited. 

In entering upon the work, the necessity of deducing standard water 
levels that would have an equivalent value throughout the bodies of 
water traversed by the profiles was apparent. For the seaboard, the 
level long since adopted is mean low tide. For the several lakes and 
the St. Lawrence, the standard low water is deduced from the record 
of the thirty-six years from 1860 to 1895. 

The plane of standard low water is the plane at or below which 
monthly mean water has stood not more than an aggregate of ten monjbh^ 
during the season of navigation, which excludes the months of January, 
February, and March out of the aggregate of eighteen lowest monthly 
mean waters occurring during the period of thirty-six years, 1860 to 
1895. To this plane all the profiles of water surface have been reduced. 
The deduction of standard low water is fully elucidated in the "Notes 
on water levels for the Great Lakes and St. Lawrence River." 

Actual standard low water is a plane at or below which the water has 
ranged for six to ten months, out of a total of three hundred and twenty- 
four months, or for 2 to 3 per cent of the navigable period of thirty-six 
years. Longer records do not indicate that the ratio will be materially 
changed. 

The standard high water as adopted on the several profiles is the 
highest water of record for the several lakes and rivers, as set forth in 
the ''Notes on water levels,'^ etc. 

The elevations used on the several profiles are also set forth in ''Notes 
on water levels,'^ etc., and the manner in which these are derived is 
specially treated in " Elevations for the Great Lakes and St. Lawrence 
and Hudson rivers." 

The main profiles have all been platted to a uniform scale; approxi- 
mately, 2^ miles to 1 inch horizontal and 25 feet to 1 inch vertical. 
Subordinate profiles and those lacking data to justify the standard scale^ 
are platted to one-half or one-fourth scale. 

The explanations necessary to the understanding of each profile and 
map of the series are entered thereon. These notes add such further 
memoranda as will enable those who may be interested to verify any 
data used and the application of the same. 

In making up the profiles all projects and treatment have been 
omitted, the purpose being to submit conditions as they now exist in 
nature or as they may have been modified by works actually executed. 
In the improved channels the original bottom is shown in outline. 
The entire exhibit is the data for consideration, rather than the con- 
sideration itself, which requires several other lines of information. 
' These notes have been compiled from the memoranda of the assist- 
ants who worked up the several profiles and maps. 
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GENERAL PROFILE.^ 
(Profile No. 1, accompanied by route map and distance diagram.) 

The general profile is made to one-fifth the standard scale. 

The profile extends from the head of Lake Michigan at Chicago 
through the lakes, Michigan, Huron, Erie, and Ontario, the St. Law- 
rence River, Lake Ohamplain, and the Hudson River, and through the 
several intermediate channels and canal routes by which, the same are 
or may be joined in one continuous route to the Atlantic Ocean at New 
York. The profile of the route from the head of Lake Superior at 
Duluth-Superior to a ])oint of junction in Lake Huron and of the St» 
Lawrence River from the point of junction in Lake St. Francis to the 
mouth are also shown, thus exhibiting a continuous profile from the 
head of Lake Superior to the Gulf of St. Lawrence. The profile of 
the Oswego-Oneida-Mohawk route from Lake Ontario to the Hudson 
Rivei- is shown as an alternative line for the Atlantic terminus, and is 
platted westward from the point of junction at Troy Dam. In the 
margins are shown the distances from Chicago and Irom !New York. 

The profiles were reduced from the standard profiles which have 
been compiled to illustrate special divisions of the several routes which 
may require treatment. The intermediate sections were filled in from 
the general charts of the lakes and St. Lawrence as issued by the Lake 
Survey, United States Army, and Hydrogiaphic UflBce, United States 
!Navy. In compiling these intermediate sections the termini of the 
special profiles were first laid down and the sailing route drawn in. 
The distances and depths were then taken off in the usual manner. 

The general route map (map No. la) is a sketch or outline to illus- 
trate the several routes over which profiles have been made. The 
routes of the general profile are shown by a broad band which is 
changed into two parallel lines at the last descent or point requiring 
locks in the approach to the sea. 

The alternative routes available for a portion of the through lines, 
and for which subordinate special profiles have been made, are shown 
by broken bands. 

Narrower bands or lines show the location of the several minor routes 
and profiles, those in use by full lines and those proposed by broken 
lines. 

There has been added to this map, so far as its limits would admit,, 
tributary water routes; those in operation and those abandoned, and 
projects now under way, and those actually adopte<] for construction. 
Prqiects not yet beyond the i^romotion stage have been omitted. 

The distance diagram is platted on the same sheet as the general pro- 
file. It shows by three diagrams the main combinations to be made 
by three alternative routes, viz, Lake Erie route, Georgian Bay route, 
and Ottawa route. 

The main diagram is that of the Lake Erie route, and it makes 
apparent at a glance the relative distances between various important 
points from Chicago and Duluth Superior out by the St. Lawrence 
River, and by both the Champlain and Mohawk lines out by the Hud- 
son River. The diagram by the Georgian Bay route shows the same 
combination of terminal lines. The diagram by the Ottawa route omits, 
the Mohawk line in the combination. 

^ The general profile, general route map^ and distance diagram were compiled and 
drawn by Mr. C. £. Isbell. 
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These diagrams represent the actual distances as developed in pro 
filing the several lines, and the principal items are entered in fignres 
on the diagrams. A table is appended to these notes giving a fuller 
schedule ot^ the distances developed. 

TiA l TR SUPERIOR TO LAKE HURON THROUOH THE ST. MA.RYS RIVER, 

(Profile No. 2.) 

This profile, compiled by Mr. Edgar Williams and drawn by Mr. G. 
A. Lichtenberg, shows the available depth of water through the St. 
Marys Eiver from deep water of Lake Superior to deep water of Lake 
Huron. The route begins near the southeast corner of Lake Superior, 
1 J miles northeast of Whitefish Point, and runs in a direct line to a 
point If miles northeast of Point Iroquois, and thence follows the line 
of deepest water through the river, canal, and improved channels t€ 
Point Detour Light, at the northern entrance to Lake Huron. 

The water-level elevations of Lake Superior, St. Marys River, above 
and below the locks, and Lake Huron, were determined by Mr. A. E. 
Kastl. ( See " Water levels, etc.") The low- water line from the locks to 
Lake Huron was drawn parallel to the mean water line, as the total 
falls at the two stages are practically the same. The slope from below 
the locks to Hay Lake was deduced from data in the report of the Qhiei 
of Engineers, United States Army (1887, p. 2242), which gives the slope 
of the water surface from the northeast pier to Station G, near the 
head of Hay Lake, and the slope of the channel from the locks to the 
angle below Frechett Point, as nearly 0.8 foot. By comparison with 
the water level at the locks, an elevation of 580.90 feet was dMuced for 
low water of Hay Lake and 582.50 for mean water. As no reliable data 
could be found for the slope between Hay Lake and Lake Huron, the 
total fall of L30 feet was distributed, 0.70 ioot to the channel at the 
Middle Neebish Eapids and 0.60 foot at Sailors Encampment. 

The bigh-water line was obtained by distributing the Increased fall 
at that stage, to the channel above Hay Lake and below Little Mud 
Lake. 

The dimensions of the locks at the two St. Marys Falls canals were 
obtained from the reports of the Chief of Engineers, United States 
Army, and the department of railways and canals of Canada. The 
elevations of miter sills, platforms, and floors of the American locks 
were furnished by the Corps of Engineers, United States Army (let- 
ters of February 3 and March 23, 1896, from Lieut. J. B. Cavanaugh, 
Detroit, Mich.), and those of the Canadian lock by the department of 
railways and canals of Canada (letter of February 10, 1896, from 
Thomas Monroe, engineer Soulanges Canal, Coteau Landing, Province 
of Quebec). 

The elevations of the water stages above and below the locks, St. 
Marys Falls Canal, corresponding to 2o and 21 feet in the improved 
channels, were furnished by the Corps of Engineers, United States 
Army (letter of February 3, 1896, from Lieut. J. B. Cavanaugh, 
Detroit, Mich.), a^id from these data the available depths at mean 
43tage and low water were deduced. 

All -elevations furnished by the Corps of Engineers, United Staties 
Army, and the department of railways and canals of Canada, at or near 
St. Marys Falls, have been reduced by 0.58 foot, for reasons set forth by 
Mr. A. E. Kastl (see " Watw levels," etc.). 
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The profile tras platted from the soundings on the fcdlowing charts of 
the United States lake survey: 

Scale of — 

Lake Superior 1:500,000 

River 8te. Marie, No. 1 1: 40,000 

River 8te. Marie, No. 2 I: 40,000 

Straits of Mackinac and the entrance by the Detour Passage to the St. 

M ary 8 Ri ve r 1 : 120, 000 

LAKE MICHIGAN TO LAKE HURON THROUGH THE STRAITS OP 

MACKINAC.^ 

(Profile No. 3.) 

Profiles on two routes are shown. The full line shows the depth of 
water on the usual line of navigation between the two lakes. An alter- 
native route with deeper water, and somewhat longer, is shown by a 
dotted line, on a course north of the Beaver Island group and south 
of Bois Blanc Island. 

The profiles were platted from the following charts of the United 
States Lake Survey : 

Scalo of— 

North end of Lake Michigan 1:400,000 

Straits of Mackinac 1:120,000 

LAKE HURON TO LAKE ERIE THROUGH THE ST. CLAIR RIVER, LAKE 

ST. CLAIR, AND DETROIT RIVER.' 

(Profile No. 4.) 

This profile shows tlie available depth of water through the i)assage 
between Lake Huron and Lake P2rie. The route begins at the foot of 
Lake Huron, the zero for distance being t^ken in the channel opposite 
Fort Grratiot light, and ruws in the deep waters through the St. 01 air 
Kiver west of Stag and Woodtick islands and through South ( hannel 
to the United States Ship Canal into Lake St. Clair, thence across the 
lake and down Detroit Kiver, passing west of Fighting Island aud east 
of Bois Blanc Island to near the Detroit River light at the entrance 
to Lake Erie. The profile is continued through the shallow i>ortion of 
Lake Erie to deep water beyond Point Pelee. 

The water level elevations of Lake Huron, Lake St. Olair, Detroit 
Eiver at the foot of Mount Elliott avenue, Detroit, and Lake Erie, 
were determined by Mr. A. E. Kastl (see -'Water levels," etc.). 

The fall from Lake Huron to Port Iluron has been taken as 16 inches, 
No exact data respecting this slope have been obtained. Mr. G. Y. 
Wisner estimated the fall at 1 .0 feet in 1 .5 miles.* Gen. C. B. Comstock, 
Corps of Engineers, United States Army, states that the fall from the 
light-house to Black River, in a distance of 2 miles, is about 16 inches.^ 
One-half of the slope between Port Huron and Lake St. Clair was 
assumed to be below the head of the passes in the delta of the St. 
Clair Rdver, 

The low- water slope of the Detroit River was determined from gauge 
readings for the months of June and July, 1895, as furnished by Lieut. 

1 Compiled by Mr. Edgar Williams and drawn by Mr. G. A. LicUtenberg. 

2'* The Levels of the Lakes. "-^onrnal of the Association of Engineering Socie- 
ties, March, 1889. 

^ Letter of General Comstock, dated March 28, 1881, Detroit, Mich. Proceedings 
of International Deep Waterways Association, Cleveland, September, 1895, page 153* 
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J. B. Cavanaagh, Corps of Engiueers, United States Army,^ in com- 
parison with Lake Erie for the same period. The mean elevation of 
Lake Erie for June and July, 18)95, was 571.61 feet above mean tide at 
New York City, or 0.26 foot above standard low water. The standard 
low-water slope for the Detroit Eiver was found by subtracting 0.20 
foot from the gauge readings. The mean gauge readings and the 
standard low water are given in the following table: 



Mean 

ganijfpread 



Locality. iiij», June 

and July, 
J 895. 



Grosse Point, Lake St. Clair ; 574.62 

Detroit ; 574.10 

Trenton i 572.86 

Gibraltar 571.80 

Lake Erie, Cleveland i 571.61 



Standard 
low water. 



574. 26 
573.84 
572.60 
571.54 
571. 35 



The grades of the bottoms of the improved channels were obtained 
as follows : 

For each channel, the elevation of the stage of water corresponding 
to a given depth was furnished by the Corps of Engineers, United 
States Army.^ For all the channels except the Lime Kiln Crossing, the 
stage was given at the channel, and the bottom grade was found by 
deducting from the stage its corresponding depth. For the Lime Kiln 
Crossing, the stage of Lake Erie was given, and the elevation was 
found by adding to the Lake Erie stage the slope between Lake Erie 
and the Lime Kiln Crossing, as shown by the standard low- water eleva- 
tions. The grade at the Lime Kiln Crossing was then deduced, as in 
the case of the channels at other localities. 

The elevation at Ballards Eeef and at foot of Bois Blanc Island were 
assumed to be the same as deduced from the observations at Trenton 
and Gibralter on the American side, and the standard low- water eleva- 
tion at the Lime Kiln Crossing was estimated in proportion to the 
distance from these points. 

The profile was compiled from the charts of the United States lake 
survey, as follows : 

Scale of— 

South end of Lake Huron and head of ^t. Clair River 1 : 120, 000 

St. Clair River 1: 40,000 

Lake St. Clair 1 : 50,000 

Detroit River 1 : 40, 000 

Lake Erie, Coast Charts Nos. 6 and 7 1 : 80, 000 

The maps and profiles on a reduced scale of the St. Clair and Erie 
Ship Canal illustrate the proposed channel for shortening the distance 
on the through route and avoiding the dilficulties in the navigation of 
the Detroit Kiver and the west end of Lake Erie. They were compiled 
from the following material: 

Sketch (with profile) of the Detroit River Passage and the St. Clair and Erie Ship 
Canal, by D. Farrand kenry, chief engineer. v 

Chart of Lake St. Clair, by United States Lake Survey. 
Chart of lakes Erie and Ontario, by Hydrographic Office, United States Navy. 

1 Letter of February 11, 1896, Detroit, Mich. 

* Letter of Lieut. J. B. Cavanaugh, February 3, 1896, Detroit, Mich. 
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I.AKE ERIE TO LAKE ONTARIO THROUGH THE NIAGARA RIVER AND 
PROPOSED SHIP CANAL AND WELLAND CANAL. ^ 

(Profile No. 5.) 

Three main profiles are delineated, all beginning at a common point 
of origin in Lake Erie and terminating at a common point in Lake 
Ontario, as shown on the accompanying sketch of *' Niagara Ship Canal 
Territory," viz: The Welland Canal route as now operated ; the natural 
course of the Ningara Eiver, and the Niagara River in conjunction with 
the Tonawanda-Locki)ort Olcott route for the proposed Niagara ship 
eanal, as favorably recommended in 1889 by Capt. Carl F. Palfrey, 
Corps of Engineers, United States Army.^ In addition, subordinate 
profiles show tlie alternative routes surveyed in 1867 by Lieut. Col. 
C. E. Blunt, Corps of Engineers, United States Army. 

The Avater-level elevations of Lake Erie and Lake Ontario were deter- 
mined by Mr. A. E. Kastl. (See "Water levels," etc.) The approximate 
elevations of mean w^ater at Black Rock ship lock, bead of Grand Island 
and Tonawanda, were furnished by Capt. Thomas W. Symons, Corps of 
Engineers, United States Army.*^ The elevation given for Lake Erie 
was 0.07 foot higher than the level adopted for mean water of Lake 
Erie. The difference, 0.07 foot, was therefore deducted from the eleva- 
tions given in determining mean water. 

The elevation of mean water at Schlosser was based on the two pro- 
files of Lieut. Col. C. E. Blunt, terminating at Tonawanda and Schlos- 
ser, the difference in level being deducted from the elevation adopted 
at Tonawanda. Estimates were also made of the slope from i Black 
Rock and from Tonawanda to the falls, based on the measured slope and 
discharge of the Niagara River at Black Rock, and comparisons were 
made with the contour elevations shown on the charts of the United 
States Lake Survey and the United States Geological Survey. The 
elevation of mean water at Lewis ton on the chart of Niagara Falls by 
the United States Lake Survey is given as about 2 feet above Lake 
Ontario. 

The high and low water lines from Black Rock ship lock to Niagara 
Falls and from Lewiston to Lake Ontario were assumed to have the 
same slope as the mean water line. The range of variation between 
mean, low, and high water in the river above the falls, in comparison 
with Lake Erie, was deduced from the relation between the gauges at 
Buffalo and Black Rock, established by the discharge observations at 
Black Rock.* The range at Lewiston has been assumed as equal to the 
range on Lake Ontario. 

The elevations of the miter sills of the locks of the Welland Canal at 
Port Colborne and Port Dalhousie were furnished by Thomas Monro, 
department of railways and canals of Canada and engineer of the Sou- 
lauges Canal.^ 

The elevation of the upper miter sill of the guard lock of the Erie 
Canal at Black Rock, with respect to canal datum, was furnished by 
Mr. J. L. Little, division engineer, western division of Erie Canal ;^ and 
canal datum, with respect to the mean water of Lake Erie, as used by 

^Compiled by Mr. Ed^far Williams and drawn by Mr. G. A. Lichtenberg. 

^See Report Chief of Engineers, United States Army. 

3 Letter of February 5, 1896, Buffalo, N. Y. 

■♦See Report of Chief of Engineers, tjnited States Army, 1893, page 4368. 

* Letter of February 10, 1896, Cotean Landing, Province of Quebec. 

^Letter of February 15, 1896, Rochester, N. Y. 
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tbe United States lake sanrey, was; deftermmed for the eommlBsiQU 
by Mr. George W. Eafter^ special ea^iaeer, Brie Caaal.^ From these 
data, the elevation of the miter sill was deduced. The approximate 
elevations of the water snrfaee oi* the Eisie Canal at Black Rock, Tona- 
wauda, and Lockport were deduced from the above data and the tables 
of elevations as given in the reports of the State engineer and sur- 
veyor of New York.* 

The profiles and map were compiled from the following charts and 
documents : 

United States lake survey : Scale of — 

Lake Erie, coast chart No. 1 1:80,000 

Lake Ontario, coast chart No. 5 1:80,000 

Niagara Falls 1:20,000 

Niagara Fallis 1:5,000 

Buffalo Harbor and head of Niagara Biver 1:20,000 

United States Geological Survey : 

Butlulo 1:62,500 

Niagara Falls and vicinity 1 : 62, 500 

Department of railways and cauals of Canada: 

Map of part of the Niagara peuiusula, showing line of the Welland Canal 

(including profile) between Lakes Erie and Ontario, 1886 1 : 36, 000 

Niagara Sliip Canal, with map and profiles ; report on surveys for a ship canal to 
connect Lakes Erie and Ontario, Lieut. Col. Charles E. Blunt, Corps of Engineers, 
United States Army, 1868. 

Profile of ship cunal to connect Lakes Erie and Ontario, Eighteen Mile C^eek 
roiit/e, revised project, by Capt. Carl F. Palfrey, Corps of Engineers, United States 
Army , 1889. Scale : Horizontal, 1 inch equals one-fouxth mile ;. vertical, 1 inch equals 
50 feet. 

Report of State engineer and surveyor of New York, 1875, map and profile of the 
western division of the Erie Canal. Scale, 1 inch equals 2 miles. 

LAKE ONTARIO TO LAKE ST. FRANCIS THROUGH THE ST. LAWBENCB 

RIVER.^ 

(Profile No. 6.) 

The profile begins at a point in Lake Ontario opposite Oswego and 
the same distance from the terminns of profiles No. 5 and Olcott Har- 
bor as the Oswego light-house, which is the origin of profile No. II. It 
extends through the main channel of the St. Lawrence and through 
the Williamsburg and Cornwall canals to the lower end of Lake St. 
Francis below McKies Point, and to a point at which the profile to Lake 
Champlain diverges from the St. Lawrence route. 

The profile shows the river channel opposite the several canals, and 
the Canadian channel from Kingston to the foot of Grenadier Island is 
shown by a broken line. An outline map shows the canal territory 
between Ogdensburg and St. Regis, covering some 45 miles of difficult 
river, and over half the length in canal. 

The elevations of the standard water lines at the principal points 
were determined by Mr. A. E. Kastl (see "Water levels," etc.). Below 
Ogdensburg the profile as furnished by Thomas Monro, member of the 
Canadian Deep Waterways Commission and engineer of the Soulanges 
Canal, was substantially adopted, the water lines being modified to 
conform to the standard elevations as deduced in the water-level 
investigation. 

On the outline map are shown certain lines that indicate possible 
routes for ship canals. The characteristics of the territory in regard 

1 Letters af March 16 and April 16, 1896^ Rochester, N. Y. 

« Annual Report for 1888, pages 267, 268. 

3 Compiled by Mr. Edgar WiUiams and drawn by Mr. G. A. Lichtenberg. 
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to its availability for canal location are set forth in a special report of 

a reconnoissance raade for tlie Oommrssiori by Mr. F. M. Barstow, C. B. 

The profile and map were compiled from charts and maps as follows: 

United States lake survey : ^calo «f— . 

Lake Ontario, coast chart No^ I 1 :80, QOO 

St. Lawrence River, Nos. 1 to 6 1:30,000' 

St. Lawrence River (detail sheets), Kos. 1 to 8 1 : 10, 000 

Hydrographic Office, United States Navy: St. Lawrence River, Cornwall to- 
McKies Point, scale of 3 inches equals 1 nautical n»ile. 

Canadian Deep Waterirays Commission: Profile of the St. Lawrence River and 
ecnmla^ 1896(lMsIovvPresGott). Scale: Horizontal, 1 inch eq^uals 13,200 ieet; vertical,. 
1 inch equals 50 feet. 

Sketch of reconnoiHsance, hy F. M. Barstow. Map, post route. United States. 

LAKE ST. FRANCIS TO LAKE CHAMPLAIN AND TO MONTREAL.^ 

(Profile No. 7.) 

Beginning at a common point below McKies Point, near the lower 
end of Lake St. Francis, the same being the terminus of profile l^o. 5, 
two main profiles are shown. The southerly profile leads out by Hungry 
Bay at the southeast angle of the lake and across the Chateaugay Val- 
ley into and up the valley of Englisli River and Norton Creek; thence 
leads southeasterly over a summit, crossing the international boundary 
some 6 miles west of Rouses Point to the valley of the Great Ohazy 
River at Perrys Mills and Champlain village, and follows thence the 
Great Chazy River to its mouth in Kings Bay, and to a junction with 
profile No. 9 in Lake Champlain. The northerly profile is a continua- 
tion of the St. Lawrence profile (No. 6), via the Soulanges Canal, Lake 
St. Louis, and the Lachine Canal to Montreal and to a junction with 
profile No. 8. An outline map shows the territory contiguous to and 
north of the boundary and lying within the limits^ Lake St. Francis, 
Lake Champlain, Richelieu River, Montreal, and Lake of the Two 
Mountains of the Ottawa River, and to which the general name- 
Caughnawaga Triangle may be applied. 

The elevations of the water surfaces as shown on the profiles and 
map were determined by Mr. A. E. Kastl (see ''Water levels,'' etc.),. 
except as herein noted. The distribution of the slope between Lachine- 
and Meloehevilie was based on hydraulic consideration's, as no leveUk 
for the intermediate elevations were available. The elevation at the- 
foot of the lock at St. Anne was approximated in the same way, and 
the elevation of high water at this point* and in the Lake of the Two- 
Mountains above was deduced by a comparison of the gauge record at 
St. Anne for 1876 with low- water stages. 

The profile as furnished by Thomas Monro, member of the Canadian 
Deep Waterways Commission and engineer of the Soulanges Canal, was- 
substantially adopted down to Lake St. Louis, the water lines being^ 
modified to conform to the standard elevations as deduced in the water- 
level investigations. Below Lake St. Louis, the profile of R. Steckel, 
engineer, published by the department of public works of Canada in 
report for 1890-91,^ being based on levels of precision, was adopted, 
after correction, for elevation of mean tide at New York. 

The profile from Lake St. Francis to Lake Champlain is approximate,^ 
and represents a probable profile to be found within the band shown on 

1 Contpiled by Mr. Edgar WUliama and. Mr. F. M. Barstow, aoid drawn by Mr. iler- 
maun Heinze. 
^ Water leyel% JBiver St. Lawrence] etc. 
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the map rather than elevations on a precise location; The portion east 
of the Chateaugay River is, for the most part, based on well-ascertained 
elevations, while that west of the river is probably within conditions 
known to exist in this vicinity. 

The map shows the routes of the two profiles, and also the location of 
the Gaughnawaga line, exhibited as part of j)rotile No. 13, and the loca- 
tion of the north end of profile No. 9. The locality of depressions dis- 
<5losed by the reconnoissance of Mr. Barstow are also shown. The 
available data regarding elevations are entered on this map. Those 
-determined by Mr. Barstow in the territory between English River and 
Rouses Point and those along the Canada Atlantic Railway are well 
ascertained, while those along the other railway lines are Irom general 
profiles, and are to be regarded as approximate.^ 

The characteristics of the territory between Lakes St. Francis and 
Ohamplain, in regard to its availability for canal location, are set forth 
in a special report of a reconnoissance jnade for the Commission by Mr. 
F. M. Barstow, C. E. 

The profiles and maps were compiled from data as follows : 

Canadian Deep Waterways Cointuission : Profile of the St. Lawrence River and 
•Canals, 1896. Scale, horizontal, I inch equals 13,200 feet; vertical, 1 inch equals 50 
feet. 

Hydrographic Office, Uuited States Navy: St. Lawrence River, MoKies Point to 
•eastern entrance Beauharnois Canal, and eastern entrance Beauharnois Canal to 
Montreal. Scale, 2 inches equal 1 nautical mile. 

Report with maps and profiles, department of public works of Canada. Water 
levels, River St. Lawrence between Quebec and Montreal, by R. Steckel, engineer, 
189:>-91. 

Sketch map of the country bt'.tweeu Lake St. Francis and Lake Champlain, south 
of the Canada Atlantic Railway, made for the Commission by F. M. Barstow, C. E., 
accompanied by a preliminary profile. 

Map of the Great Chazy River from Champlain to the lake, from surveys under 
the direction of MaJ. M. B. Adams, Corps of Engineers, United States Army, 1889; 
the same showin.; profile of bottom. 

Maps of the geological survey of Canada, and by the United States Geological 
Survey. 

Map, international boundary. Report State engineer of New York, 1891. Maps, 
post route. United States. 

Profiles: Detail, of Canada Atlantic Railway; general, of lines of Grand Trunk, 
Canadian Pacific, Ogdensburg and Lake Champlain, and St. Lawrence and Adiron- 
dack. 

ST. LAWRENCE BIYER FROM MONTREAL TO DEETP WATER BELOW 

QUEBEC.^ 

(Profile No. 8.) 

This profile shows the available depth in the St. Lawrence Ei ver from 
the foot of the Lachine Canal to deep water, some <>0 miles below Quebec. 
Between Montreal and Quebec it is based on the profile prepared by 
R. Steckel, engineer, department of public works of Canada. 

The standard high and low water lines were obtained by reducing 
the elevations as given by Mr. Steckel, by his elevation ot* mean tide ar. 
;N'ew York City, which is 4.441 feet. The two intermediate How lines 
of " High tide during low water," and " Low tide (springs) during 
freshets," shown on the profile below Pointe du Lac, are approximate. 
They were obtained from elevations given in Mr. Steckel's " Tables of 



^The location of the line surveyed nnder the direction of Thomas Monro, Commis- 
sioner, for the Canadian Deep Waterways Commission, has been entered on the map 
from data received in November, 1896. The profiles were received too late for com- 
pilation, but have been published nnder the auspices of the Canadian Commission. ' 

2 Compiled by Mr. Edgar Williams and drawn by Mr. O. A. Lich^enbefg. 
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tidal fluotuations for low- water season of 1887, and high-water season 
of 1888-" 
The profile was compiled from the following charts and documents: 

Report, with maps and profiles, department of public works of Canada. Water 
Levels, River St. Lawrence between Quebec and Montreal, by R. Steckel, engineer, 
1890-91. 

Hydrograpliic Office, United States Navy, Charts of the River St. Lawrence from 
Quebec to the River Saguenay. 

Report, with profile, of the harbor commissioners of Montreal, Canada, John 
Kennedy, chief engineer, 1882. 

THE OHAMPLAIN-HUDSON VALLEY, FROM ST. JOHNS, PROVINCE OP 

QUEBEC, TO TROY DAM, NEW YORK.^ 

(Profile No. 9.) 

This profile shows the line of deepest water and lowest elevation from 
the entrance of the Ohambly Canal, at St. Johns, Province of Quebec, 
through the Eiver Richelieu, Lake Ghamplain, the Champlain-Hudson 
Divide, and the upper Hudson River, to tidewater, at Troy Dam, New 
York. The location of the route at the northern end is shown on the 
outline map of profile No. 7, and from Lake Ghamplain, at Whitehall, 
to Troy, on map No. Ila. The Mohawk River below Schenectady, which 
belongs to profile No. II, is also shown. 

The water-level elevations for Lake Ghamplain and the River Riche- 
lieu were determined by Mr. Kastl (see *^ Water levels," etc.). The 
deduction of the data for the profile of the upper Hudson River involved 
some perplexities, but it -is believed that material errors, if any, are 
limited to the portion of steep slope above the pool of the Troy Dam, 
where the effect upon a project would be a minimum. 

A route has been suggested from South Bay to Fort Ann in lieu of 
the one delineated by way of Whitehall. Levels have been run over 
this line in order to clieck up the elevations shown on a sketch furnished 
by the United States Geological Survey. The results indicate greater 
elevations than shown on map No. Ila, but the data were not sufficient 
to warrant a profile for an alternative route. The results of this recon- 
noissance are presented in a special report. 

The profile was compiled from the following charts and documents : 

Charts of Lake Ghamplain by the United States Coast and Geodetic Survey. 

Map and profile of the Richelieu River, report of R. Steckel, engineer, department 
of public works of Canada, 1884-«5, 1890-91. 

Profile of proposed ship canal from Whitehall to Fort Edward and of Hudson River 
from Fort Edward to Troy Dam. Report of State engineer and surveyor of New 
York, 1875. 

Report and map of survey by Samuel McElroy to State engineer in 1867 — Hudson 
River from Troy to Fort Edward — Senate Doc. No. 87. 

Report of Chief of Engineers, United States Army, 1875. 

Reports, State engineer and surveyor of New York. 

HUDSON RIVER FROM TROY BAM TO ATLANTIC OCEAN.^ 

(Profile No. 10.) 

This profile shows the available depth of the tidal portion of the 
Hudson River, and is extended through Kew York Bay and across the 
bar as now Improved to deep water of the ocean. 

The low and high water lines shown are those of mean low tide and 
mean high tide as adopted by the Corps of Engineers, United States 

 ^■■■■i   — - - -- -  II   -   , -  -  - ^ I I I 11- I I I I I - r i r r . ~ ' " — ^ 

^ Compiled by Mr. E. A. Kastl and drawn by Mr. G. A. Lichtenberg. 

H, Doc. 192 4 
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Army, and the United States Coast and Geodetic Survey. Freshet high 
water as determined at Albany, is also shown on the profile. No infor- 
mation could be obtained in regard to the elevation of tide lines between 
Ooxsackie and Dobb's Ferry, and the lines shown are approximate and 
probably not materially in error. The authority for the elevations used 
is discussed in another compilation (Elevatious for the Great Lakes, etc.). 
The profile was compiled from the following charts and documents : 

Charts of the Hudson River and New York Bay and Harbor by the United States 
Coast and Geodetic Survey. 

Eeport of a Board of Engineers on Improvement of Hudson River, above Hudson 
City, with map and profile, House Ex. Doc. No. 23, Fifty-second Congress, first 
session, 1891. 

Reports of Chief of Engineers, United States Army; United States Coast and Geo- 
detic Survey, State engineer and surveyor of New York. 

LAKE ONTARIO TO HUDSON BIVEB THROUGH THE OSWEGO-ONEIDA- 
MOHAWK VALLEY FROM OSWEGO TO TROY DAM.^ 

(Profile No. 11 and map No. 11a.) 

That portion of the profile below Schenectady is delineated on the 
sheet showing profile Xo. 9, and is to be considered as part of sheet No. 
II. The map shows also the Champlain-Hudson Valley and the route 
of profile No. 9, between Troy Dam and Lake Champlain, at Whitehall. 

No profile of the direct route between Oswego and Troy has hereto- 
fore been made that was adequate for the consideration of a ship canal, 
all the earlier profiles being of high-level lines through the Mohawk 
Valley. A fund was placed in the hands of Mr. William Pierson Judson, 
who was familiar with all existing data in regard to this route, for the 
purpose of utilizing this information and obtaining other material from 
private sources and new data in the field, sufficient to show the physical 
conditions as they actually exist. The result was beyond anticipation, 
and a profile of a high degree of accuracy has been produced. 

Incidentally a map was prepared showing the valley by contours, a 
most important addition to the profile, and a duplicate of this map has 
been made in the office of the Commission (No. Ha), Mr. Judson retaining 
the original. 

The special report by Mr. Judson states the source of the data and 
the manner of compilation so fully that further mention is unnecessary. 

GEORGIAN BAY TO LAKE ONTARIO THROUGH LAKE SIM0OE.=^ 

(Profile No. 12.) 

This profile is drawn for one-half the standard scale and is the first 
of the series of subordinate profiles designed to illustrate alternative 
or subordinate routes and existing systems of minor navigation. 

The route extends from Nottawasaga Bay to Humber Bay via Lake 
Simcoe, which has been considered tlie summit level in all projects, and 
is i^opularly known as the Georgian Bay or Hurontario route. The 
original survey embraced alternative lines for ))art of the route, one of 
which crossed the divide to the west of Lake Simcoe, but as none of 
these have been regarded as presenting moie favorable conditions and 
have not been used in the projects advocated, they are not included in 
the exhibit. 

*The profile was compiled by Mr. W^llliam Pierson Judson and drawn by Mr. G. A. 
Lichtenberg. The map was compiled by Mr. Judson and drawn by Mr. Joel Barri, 
and a copy made for the use of the Commission by Mr. Hermann Heinze. 

^ Compiled by Mr. Edgar Williams and drawn by Mr. V^illiam Kramer. 
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The elevations for the water levels on Lake Huron and Lake Ontarid 
were determined by Mr, A. E. Kastl (see "Water levels," etc.). The 
elevation of Lake Simcoe above Lake Huron is stated to be 134.07 feet 
in the General Report of the Public Works of Canada (1867 to 1882, 
p. 822). By adding this rise of 134.07 teet to the standard low water 
for Lake Huron an elevation of 713.07 feet was obtained for Lake SimcoOr 

The profile was reduced from a profile by Kivas Tully, O. E., dated 
1858, and made from original surveys by Mr. Tully, after distributing 
the correction for the height of Lake Simcoe and a discrepancy in the 
relative elevation of Lakes Ontario and Huron, 

The plans used in the preparation of the profile and map were as 
follows : 

Map showing the route between Lakes Ontario and Huron in the vicinity of Toronto, 
by Kivas fully, engineer, March, 1892. Scale, 1 inch equals 2,500 feet. 

Profile of the Toronto and Georgian Bay Canal by Kivas Tully, engineer ; Toronto, 
January 15, 1858. Scale, horizontal, 1 inch equals 2,500 feet; vertical, 1 inch equals 
100 feet. Map, Province of Ontario, Department of Crown Land, 1895, Scale, 1 inch 
equals 8 miles. 

THE OTTAWA BOUTB FROM GEORGMAN BAY TO RICHELIEU RIVEB.^ 

(Profile No. 13.) 

This profile extends from Georgian Bay up French Kiver and through 
Lake Nipissing, and crossing the divide to Trout Lake descends the 
Mattawan Eiver to the Ottawa Eiver, and through the Ottawa to the 
St. Lawrence River at Lake St. Louis, thence reaches the Richelieu River 
at St. Johns by the proposed Oaughnawaga canal, joining profile Ko, 
9 at St. Johns and crossing No. 7 in Lake St. Louis. The location of the 
profile from the Lake of the Two Mountains, via the Oaughnawaga route 
to St. Johns, is shown on the outline map of profile No. 7. The profile 
is drawn to one-half the standard scale. 

The profile was platted from elevations derived from levels in the 
report of Thomas 0. Clarke, 0. B., on the proposed Ottawa navigation, 
and a paper by R. W. Ells, LL. D., and A. E. Barlow, M. A., on the 
route of the proposed Ottawa Canal. The elevations were derived as 
follows : 

The elevation of standard low water of Lake St. Louis at the head of 
the Lachine Canal, as determined by Mr. A. E. Kastl (see "Water 
levels," etc.), is 67.8 feet above mean tide at New iork City. From 
this point to Ottawa Harbor Mr. Clarke's rises through the reaches, 
which depend on estimate, were corrected in Lake St. Louis, in the 
Lake of the Two Mountains, and from the head of the Grenville Canal 
to Ottawa. The rise in Lake St. Louis, from Lachine to St. Anne, was 
taken at 1.70 feet, as it is generally stated in the Canadian reports at 
1 to 3 feet, in place of 0.5 foot, as given by Mr. Clarke. The rise in 
Lake of the Two Mountnins was taken at 0.5 foot in place of 1 foot, 
and the rise from the Grenville Canal to Ottawa was taken at 1 foot in 
place of 2.3 feet. With these corrections an elevation of 130.5 feet was 
obtained for Ottawa Harbor. 

From Ottawa to the mouth of the Mattawan River the elevations of 
Mr. Clarke were corrected so as to agree with the elevations adopted 
for Ottawa Harbor and the mouth of the Mattawan River, a discrep- 
ancy of 0.6 foot in total rise being distributed between the head of Deep 
River and Mattawa, over which distance the levels are most uncertain. 

From the mouth of the Mattawan River to the Petites Dalles of 

^Compiled by Mr. Edgar Williams and drawn by Mr. C. E. Isbell. 
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French River, the first rapids above Georgian Bay, the corrected levels 
of Messrs. Ells and Barlow were used, and for Georgian Bay the standi 
ard water levels for Lake Huron. 

. From Lake St. Louis to the Petites Dalles the bottom of the chan- 
nel, shown on the profile by a dotted line, is approximate only, and has 
been drawn from thefew approximate depths given in the reports. From 
the Petites Dalles to deep water in Georgian Bay the bottom was 
platted ftom soundings on the charts of the Uydrographic Ofiice, United 
States Kavy. From St. Anne to Caughnawaga, across Lake St. Louis, 
the bottom was also platted from charts of the Hydrographic OflBce. 

The high-water line was platted from the difi'erence between high and 
low water, as determined by Mr. Clarke, on the Ottawa and French 
rivers, and from the elevations determined by Mr. A. E. Kastl for 
Georgian Bay and Lake St Louis. (See ''Water levels," etc.)' 

The profile of the proposed Caughnawaga Canal was platted from 
data in the reports of the Chief of Engineers, United States Army, and 
the department of public works of Canada. 

The profile as platted is substantially the profile of Mr. Clarke cor- 
rected for datum. In the pax)er by Messrs. Ells and Barlow it is stated 
that "the elevation given for Lake ^N^ipissiug is the same as that given 
by the corrected levels of the Northern Pacific Junction Kailway (now 
part of the Grand Trunk System), and that the elevation at the mouth 
of the Mattawan River agrees with that deduced from the profiles of 
the Canadian Pacific Railway.'' If 10 feet be added to the elevations 
as given in the table in the original report of Mr. Clarke, they will not 
differ at any point over 2^ feet ft* om the profile as platted, after making 
due allov^ance for the summer water of 1859 on Lake Huron. 

In compiling this profile the following charts, maps, and documents 
were used : 

Report ou Ottawa Navigation (with profile), by Thomas C. Clarke, C. E., engi» 
neer Ottawa survey, Quebec, 1860. 

The Physical Features and Geology of the Proposed Ottawa Canal between the 
St. Lawrence River and Lake Huron, by R. W. Ells, LL. D., and A. E. Barlow, M. A., 
Ottawa, 1896. 

Report on the Montreal, Ottawa, and Georgian Bay Canal, by Marcus Smith, M. 
Inst., C. E., Ottawa, 1895. 

Charts of Georgian Bay, Mouth of French River, and Lake St. Louis, Hydro- 
graphic Office, United States Navy. 

Report of Chief of En^jineers, United States Army, 1875 (p. 587), and General 
Report of Department of Public Works of Canada, 1867 to 1882. 

Profile between Lake Nipissing and Ottawa, compiled by Edwin A. Forward, 
Ottawa, and received through the Hon. McLeod Stewart, of "The Montreal, Ottawa 
and Georgian Bay Canal Company." 

Note. — The profile furnished through Mr. Stewart on November 25, 1896, presum- 
ably covers the available data to date, and profile No. 13 has been amended accord'- 
j[ngly. — L. E. C. 

EARLY CANAL SYSTEMS: ERIE OF NEW YORK, UNITED STATES; 
BIDEAU — TRENT OF ONTARIO, DOMINION OF CANADA.^ 

(Profile No. 14.) 

The first of the two caual systems delineated is the Erie Oanal sys- 
tem^ comprising the Erie, Oswego, and Ohamplain canals, by which 
routes are opened from the Hadson Biver at Albany to Lake Erie, to 
Lake Ontario, and to the St. Lawrence Eiver via Lake Ohamplain and 
the Richelieu Biver. These canals have acquired renewed importance 



^ Compiled by Mr. A. E. Kastl and Mr. J. E. Maloney, and drawn by Hermann 
Heinze. The profile is projected to one-fourth the standard scale. 
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on accoant of the eiilargemeDt authorized by vote of the people of thd 
State of New York ia I^ovember, 1895. 

The datum for the Brie Canal system is mean low tide at Albany^ 
which is taken as 7,443 feet on the lower miter sill of Lock Ko. 1. ^ The 
United States Coast and Geodetic Survey in 1876-^77 determined the 
elevation of miter sill of Lock No. 1 as 6,145 feet below mean tide at 
New York by levels from the bench mark on the grist mill at Greenbush. * 
Canal datum is, therefore, 7,443 — 6,145=1,298 feet above mean tide at 
New York. The arbitrary, 1.30 feet, was applied to canal elevations in 
reducing same to mean sea level. 

The Erie Canal was carefully leveled in 1876, and the results are 
published in the reports of the State engineer for the years 1888, 1889, 
and 1892. In tables are given the length of reaches, bench marks, and 
elevations of canal bottom from which, after correcting the elevations 
for sea level, the profile from Albany to Buifalo was platted. The 
results given in successive reports of the State engineer have been 
critically compared, and all agree at Black Bock with the elevation as 
deduced by Mr. Searles in the report of 1876, although there are dif- 
ferences in the assignments of slopes on the reaches with grades 
between Montezuma and Black Bock. 

Canal levels at Buffalo are 0.67 foot higher than by the Lake Survey. 
(See *' Elevations for the Great Lakes,'' etc.) 

The levels for the Oswego Canal are given as far as Van Buren Dam^ 
or to within 7 miles of the terminal lock, in the report of the State engi^ 
neer for 1891. The miter sill of the terminal lock is as furnished from 
the office of the division engineer. From these and the tables of lock 
lifts and reaches, after correcting the elevations for sea level, the pro» 
file was platted between Syracuse and Lake Ontario at Oswego. 

Canal levels at Oswego are 0.66 foot higher than by the lake survey. 
(See "Elevations for the Great Lakes," etc.) 

The profile of the Champlain Canal was platted from the tables in the 
report of the State engineer for 1888, after correcting the elevations for 
sea level. The elevations terminate with the upper miter sill of Lock 
31, and the elevation of the lower sill of Lock 23; the entrance lock was 
furnished by Albert J. Himes, resident engineer, eastern division, Erie 
Canal. 

Canal levels at Whitehall are 0.36 foot higher than by the Coast and 
Geodetic Survey. (See "Elevations for the Great Lakes," etc.) 

The continuation of the profile from Whitehall, N. Y., to the entrance 
of the Chambly Canal at St. Johns, Province of Quebec, was reduced 
from profile No. 9. 

The profile of the Chambly Canal and of the Richelieu River from 
St. Johns to the St. Lawrence River was reduced from the profile of 
R. Steckel, engineer department of public works of Canada (reports, 
1885 and 1891), which was referred to the same datum through the 
international bench mark at Rouses Point. 

The second of the two canal systems delineated is the Rideau and 
Trent Canal system, comprising the Rideau and Trent canals, by which 
a route is opened from the Ottawa River at Ottawa to Lake Huron at 
Georgian Bay, via Lake Ontario at Kingston. 

This route was projected at an early day, and the Rideau Canal from 
Ottawa to Kingston opened, which, with short canals at the rapids of 
the Ottawa River at Grenville and Carillon, the lock at St. Anne and 

1 Report of State Engineer of New York for 1888. 

2 Appendix No. 7, Report for 1887. 
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the Lachiue Canal, furnished a navigation from Montreal to Lake 
Ontario. Some work was done in connecting the upper lake reaches 
of the Trent, and this has lately been resumed with a view of opening 
this section of the route. As both sections are on the same scale of 
magnitude, they are treated as parts of one system, united through the 
Bay of Quinte. 

The profile of the Eideau Canal was platted from data in the reports 
of the department of public works of Canada.^ The elevation of the 
lower miter sill at Kingston Mills was determined by comparing the 
depths on the miter sill, as reported by the department of railways and 
canals, from July, 1893, to June, 1895, with the gauge readings at 
Oswego. The result is 237.81 feet above mean tide at New York City. 
It was assumed that the lifts of the locks are from miter sill to miter 
sill, and that the reaches are level. 

The elevation of the lower miter sill of entrance lock at Ottawa Har- 
bor, as thus deduced, is 110.89 feet above mean tide at New York City. 
iThe standard depth of the canal is 5 feet. Low water at Ottawa Har- 
bor, with 5 feet on the lower sill, would therefore be 115.89 feet above 
mean tide at New York. The elevation of the harbor as deduced from 
the profile of the Ottawa route (profile No. 13) is'130.50 feet, or 14.61 
feet higher. Various comparisons have been made to determine the 
source of this discrepancy, and letters were sent to Mr. Thomas C. Keefer, 
member of the Canadian Deep Waterways Commission, and to Mr. R. 
Steckel, engineer department of public works, but no sufficient explana- 
tion has been found. 

The profile from Kingston to the mouth of the Trent River, through 
the Bay of Quinte, was platted from the chart of the llydrographic 
Office, United States Navy. 

The profile of the Trent Canal was platted from data in the reports 
of the department of public works of Canada.^^ 

These data were brought down to date from the latest reports of the 
department of railways and canals (1895). Those portions of the route 
upon which works are still undetermined are shown by a broken line. 

The plane of reference to which the elevations were referred in the 
above reports is ordinary low water of Lake Ontario, which is taken at 
12.5 feet above the bottom of the Murray Canal, which unites the west- 
ern end of the Bay of Quinte with Lake Ontario, and is the same as 
the zero of the Toronto gauge. This elevation was determined as 245.40 
feet above mean tide at New York City (see "Water levels," etc.) and 
this quantity was used in reducing the profile to sea level. 

The elevation of Georgian Bay on this profile is 582.15 feet, or 2.55 
feet above standard low water and 1.72 feet above ordinary low water 
(assumed equal to that for Lake Ontario). Corrected to the Lake Huron 
level, the elevation of Lake Simcoe is the same as on profile No. 12. 

INTER LAKE ROUTES; SUPERIOR AND GREEN BAY CANAL; GRAND- 
SAGINAW ROUTE; MICHIGAN AND ERIE ROUTE. 

(Prolile No. 15. Not deliDeated.) 

The data procured in regard to these routes were insufficient to justify 
a profile. It was anticipated that parties especially interested would 
complete the information, 

1 Report of 1867, pages 55-61, and Appendix No. 7, pages 59-67; also, General 
Report, 1867-1882, pages 816, 817. 

^Report of 1867, pages 70-79, and Appendix Nos. 14 and 15, pages 122-129; also, 
General Report, 1867-1882, pages 818-823. 
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The Saperior and Green Bay Canal was advocated some years since, 
but the surveys supposed to have been made have not been found. The 
route is from Au Train Bay up Au Train Eiver and down Whitefish Eiver 
to Little Bay de Noque, the northerly arm of Green Bay on which 
Escanaba is situated. This is recognized as the lowest pass between 
Lakes Superior and Michigan, and is also the lowest in the watershed 
of Lake Saperior west of Sault Ste. Marie: 

Mr. Lucius L. Hubbard, State geologist of Michigan, writes: 

The only information we have in this office is contained in Vol. I, Michigan Geological 
Keports, Part. Ill, page 75, and is as follows: "Also Mud Lake and the series of con- 
nected lakes and marshes from which Au Train River makes its exit on the north side 
and Whitefish River on the south side have their basins eroded through the drift 
down to the older rock beds. The level of the.lake lies from 60 to 70 feet below the 
top of the plateau. * * * This watershed lies, as has been mentioned before, in 
a valley eroded into the drift, to the depth of perhaps 70 feet, but the sole of this 
valley is at least 300 feet above Lake Superior.'' 

The agent of the Munising Railway and of the land company at 
Munising undertook to furnish further information, but without results. 

The Grand-Saginaw route is through the great depression that crosses 
Michigan from Grand Haven via the Grand River and through a summit 
swamp and Saginaw River to Saginaw Bay at Bay City. The route 
appears to be available for a navigation of considerable capacity. 

A survey of Grand River has been made from Lake Michigan to 
Grand Rapids, and of Saginaw River to Saginaw. Some intermediate 
points were obtained from railway profiles. Mr. George A. Kettleton, 
chief engineer Ann Arbor Railroad, writes: "The general elevation 
of the swamp between Ashley and Bannister is from 93 to 95 feet above 
the water level of Lake Michigan." Low water at Grand Rapids, as 
determined by United States engineers, is 7 feet above standard low 
water of Lake Michigan. 

A small contour map by Prof Alexander Winchell, late State geolo- 
gist of Michigan, shows, that the drainage of a large section of the 
State is higher than the valley and may be made tributary to the sum- 
mit level. The following extract from <' Kendall's Michigan, its geog- 
raphy, history, and resources, and civil government," was furnished 
by the secretary of the Grand Rapids Board of Trade: 

Viewing the peninsula as a whole, we discover, first of all, a remarkable depres- 
sion stretching obliquely across from the head of Snginaw Bay, up the valley of the 
Saginaw and Bad rivers, and down the Maple and Grand rivers to Lake Michigan. 
This depression obtains nowhere au elevation greater than 72 feet above Lake Mich- 
igan. This elevation is in the interval of 3 miles separating the waters flowing 
in opposite directions. The spot was chosen in 1857 for a canal connecting Saginaw 
Bay with Lake Michigan. 

The Michigan and Lake Erie route is frotn the head of Lake Michi- 
gan to the Wabash Valley, between La Fayette and Logansport, and 
thence by the Wabash, the Fort Wayne summit, and the Maumee Valley 
to Lake Erie at Toledo. 

Surveys from Lake Michigan to the Wabash River were made in 
1831 by Capt. Howard Stansbury, and these were reviewed and addi- 
tional examinations made by Maj. G. L. Gillespie in 1875.^ From these 
and from railway elevations it appears that there are two ridges and 
an intermediate valley to cross on a probable location, the northern 
ridge some 167 feet, the Kankakee Valley some 70 feet, and the south- 
ern ridge about 128 feet above the level of Lake Michigan. The 
Wabash at Lafayette is 75 feet below Lake Michigan, and at Logans- 
port at the level of the lake. 

* Report Chief of Engineers; United States Army, 1876. 
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From Lafayette to Toledo the Wabash and Erie Canal and the Miami 
and Erie Canal furnished a water route at one time, and the Miami is 
still in operation. This route was examined by Maj. John M. Wilson in 
1881 and a report with profile and estimates submitted^ for a canal on 
the scale of the present Erie Canal. The summit level at Fort Wayne 
was fixed at 183 feet above Lake Michigan. 

These early surveys were all for high-level lines and small prisms. 
Some additional field work is required to produce a profile along the 
lowest line. The route appears to be available for a waterway of mod- 
eirate capacity. 

Mr. William T. Harris, of Defiance, Ohio, has promoted a route lead- 
ing north of Fort Wayne and through a series of depressions and lakes 
at the head waters of the Eel, Tippecanoe, and Elkhart rivers to the 
valley of St. Joseph River, via Elkhart and South Bend, and thence to 
Michigan City. The summit level proposed for this route is about 284 
feet above Lake Michigan. 

WESTERN NEW YORK, 
(No profil©.) 

In 1885 Mr. Blnathau Sweet, formerly State engineer, proposed the 
radical enlargement of the artificial waterway between Lake Erie and 
the Hudson River.^ The route suggested was substantially along the 
present route of the Erie Canal with a detour to the higher ground south 
between Lock 57, east of IN^ewark, and the end of the Rome level at 
Syracuse, so as to feed the canal continuously from Lake Erie. The 
possibility of a lower level at Rome and a more favorable location for 
the high level east of Kewark was suggested. East of Rome it was 
proposed to canalize the Mohawk River. 

A moderate enlargement of the Erie Canal with the high-level loca- 
tion has also been suggested as a feeder to the Rome summit for the 
proposed ship route from Lake Ontario at Oswego. 

To ascertain what positive information might be available for these 
projects, a letter was addressed to Mr. Sweet, to which he replied in 
part as follows, under date of March 3, 1896 : 

My suggestions were based on the Erie Canal profile and my intimate knowledge 
of the country along its route, and I explicitly disclaimed the possession of definite 
engineering data in the paper to which you refer, which was in fact a plea for thor- 
ough and comi)rehensive surveys to determine the elements of the undertaking. 
Every effort to secure such surveys through State or national legislation has thus 
far proved abortive, and without the fact to be developed by them, nothing can be 
more frivolous or futile than the discussion of the engineering side of this question. 

The small profile of the Brie Canal (No. 14) shows the sag through 
the lake country of New York between Newark and Syracuse, which 
was to be avoided by a high-level line on the slopes south of the pres- 
ent location. It was expected to test this proposition by a carefhl 
instrumental reconnoissance and an approximate location, had the 
available funds permitted. 

In the original location of the Brie Canal west from Irondequoit, Mr. 
Geddes considered a route south of the mountain ridge through the 
valley drained by Black Creek and Oak Orchard and Tonawanda 
creeks. It was thought that this proposition might appear less for- 

' Report Chief of Engineers, United States Army, 1881. 
^ Transactions^ American Society of "^ Civil Engineers, 1885. 



REPORT OF U. S. DEEP WATERWAYS COMMWBION, 57 

midable to modern resources in canal building and avoid side hill loca- 
tion across drainage lines. Accordingly, elevations were obtained at 
the Tonawanda fe^er dam and the profile of the West Shore Kailway 
from Tonawanda crossing to the Genesee River, which traverses the 
rente in part. A profile was also obtained of the line of the Lehigh 
Valley Railway from the Genesee River to Seneca Lake. 

The results were inconclusive as to the possibility of a route south 
of the present location between Tonawanda and Cayuga Lake, but the 
indications were very doubtful. If this conclusion js found correct by 
future examinations, the only n^aterial modification in route is along 
the lines suggested by Mr. Sweet, unless the Rome summit is radically 
modified. 

NEW YORK AND PENNSYLVANIA. 

(No profile.) 

A possible water route of moderate capacity is from Lake Ontario to 
Ohesapeake Bay, starting at Sodus Bay and by either Cayuga or 
Seneca Lake, thence crossing the southern divide into the valley of 
the Susquehanna and through the same to its mouth. 
• The Chemung Canal at one time extended from the head of Seneca 
Lake over the summit to the Chemung River at Elmira, or to within 
less than 20 miles of the North Branch Canal of Pennsylvania at the 
State line. These early canals of very small prism were abandoned 
before a through route had been opened for the mineral traffic of 
eastern Pennsylvania. 

No sufficient data for a profile of the route was obtained. 

CONCLUSION. 

The foregoing exhibit presents the available routes for uniting the 
several members of the lake system with each other and for connecting 
the same with the eastern seaboard. The available passes through 
the heights of lands are really few in number, and these are now quite 
well understood in their relations to the basin of the lakes and to the 
valleys leading out therefrom. 

In order to cover more fully the subject of possible routes from the 
lake basin, the elevations of the characteristic passes that cross the 
watershed of the lakes and of their valley extensions have been 
entered on the basin map (Basin of the Great Lakes, etc.), and these 
may be compared with the routes along which profiles have been 
developed or to which reference is made in the foregoing notes. 
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Appendix. 

distances — lake-seaboabd routes. 

The following schedule gives the principal distances in statute miles 
on the routes as shown on General Route Map No. la, and as used in 
compiling the distance diagram on profile No. 1 : 

Chicago (Madison street) to Mackinaw 2 + 347.5 = 349. 5 

Mackinaw to Lake Hnron Junction 83.5 

Chicago to Lake Huron Junction 349.5 + 83.5 ^433 

Duluth-Superior to Sault Ste. Marie 397. 5 

Sault Ste. Marie to Lake Huron Junction * 103 

Duluth-Superior to Lake Huron Junction 397.5 + 103 = 500. 5 



Koute. 



Lake Huron Junction via Lake Erie route: 

Fort Gratiot Light 

Detroit , 

Detroit River Light 

Origin, Niagara Profile (No. 5) 

BuHalo 

Tonawanda 

Olcott, Niagara Canal route 

Lake Ontano Junction 

Origin, Niagara Profile (No. 5) 

Port Colbome Li^ht ( Welland Canal) 

Port Dalhousie Light ( Welland Canal) 

Lake Ontario Junction, TVelland Canal route 

Lake Huron Junction via Georgian Bay route : 

Georgian Bay Junction (Ottawa route) 

Origin. Georgian Bay Profile No. 12 (1 mile off shore).. 

Lake Ontario (near Toronto) - 

Lake Ontario Junction 

Lake Ontario Junction via Mohawk rout© : 

Oswego Light (origin of profile No. 11} 

Troy Junction (State dam) - 

New Fork, Battery " 

Atlantic Ocean, Sandjy Hook Light Ve.S8el 

Lake Ontario Junction via St. Lawrence-Champlain route : 

Cape Vincent , 

Ogdensburg 

Lake St. Francis Junction (origin No. 7) 

Lake Champlain Junction (near Rouses Point) 

Whitehall 

Troy Junction (State dam) 

New York, Battery 

Atlantic Ocean, Sandv Hook Light Vessel 

Lake Ontario Junction via St. Lawrence route : 

Lake St. Francis Junction 

Lake St. Louis Junction (Ottawa route) 

Montreal (mouth of canal) 

Quebec (Louise embankment) 

Saguena^' River 

Gulf of St. Lawrence, Point de Monts 

Lake Huron Junction via Ottawa route : 

Georgian Bay Junction (Georgian Bay route) 

French River, mouth (origin No. 13) 

Mattawa (Ottawa River) 

Ottawa 



Lake St. Louis Junction (St. Lawrence route) 

St. Johns, Caughnawaga Canal 

Lake Champlain Junction 



Interme- 
diate. 



Miles. 




12.3 
28.4 
64.6 



Total. 



177 

154 

28 



60 
76 
55 

103 
64 

154 
28 



31 

12 
161 
116 
139.5 



45.5 
123.5 
191 
105 

34.5 

30 



Miles. 
170.5 
235 
260 
469 
496 
507 • 
533 
569 
469 
481.3 
509.7 
574.3 

87 
170 
270 
340.5 

79 
256 
410 
438 

100.5 
160.5 
236.5 
291.5 
394.6 
45».5 
612.5 
640.5 

236.5 
267.5 
279.5 
440.5 
556.5 
696 

87 

132.5 
256 
447 
652 
586.6 
616.5 



For New York and St. Lawrence distances, see preceding tabulation. 
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SUMMARY. 



Chicago to American seaboard. (Duluth and Superior, add 

67.5 miles.) 



Sea level, 
Troy. 



I Miles. 

Lake Erie and Mohawk route I 1, 258 

Lake Erie and St. Lawrence-Champlaiu route I 1, 460. 5 

Georgian Bay and Mohawk route I 1,029.5 

Georgian Bay and St. Lawrence-Champlain route 1, 232 

Ottawa and Champlain route 1,216.5 



New York 
City. 



Miles. 
1,412 
1, 614. 5 
1,183.5 
1,386 
1, 370. 5 



Atlantic 
Ocean. 



I Miles. 
1,440 
1, 642. 5 

I 1,211.5 

1,414 
1, 398. 5 



Chicago to Canadian seaboard. (Duluth and Superior, add 

67.5 miles.) 



Sea level, 
Montreal. 



j Miles. 

Lake Erie and St. Lawrence route ' 1, 281. 5 

Georgian Bay and St. Lawrence route i 1, 053 

Ottawa and St. Lawrence route i ' 997 



Deep water, 

Saguenay 

River. 



Miles. 
1, 558. 5 
1, 330 
1,274 



Gulf of St. 
Lawrence. 



Miles. 
1,698 
1, 469. 5 
1, 413. S 



SPECIAL REPORT ON OSWEGO-ONEIDA-MOHAWK ROUTE. 

OSWEOO, N. Y., May 20^ 1896, 

Gentlemen : The accompanying map of the Oswego-Oneida-Mohawk 
Yalley, and also the profile of the most favorable line through it for 
a ship canal from Lake Ontario at Oswego, F. Y., to tide water in the 
Hudson River at Troy, N. Y., have been prepared by me in compliance 
with your request of February 5, 1896, for "cooperation with the Com- 
mission in determining and obtaining essential information" regarding 
this route. 

The purpose of these examinations and surveys, and of this compila- 
tion of the results of the various former surveys of portions of the 
route, has been to exhibit the existing natural features of these con- 
necting river valleys through which the Great Lakes formerly found an 
outlet to the sea. 

HISTORY. 

From 1750 this has been recognized as the natural line for a canal 
fiom the lakes to tide water. During the Eevolutionary war General 
Washington examined parts of it, and about 1790 was himself the head 
of a company formed for canal construction from Lake Ontario, by way 
of the Oswego and Oneida rivers, Oneida Lake, and Wood Creek, to 
the Mohawk River at Rome. 

Beginning in 1796, w th a capacity for boats of 15 tons each, three 
successive systems of navigation have been constructed on this line, 
each larger than the preceding; but all have been too small to utilize 
the full size of the rivers or to receive or control their floods, and the 
canals have, therefore, been built along the banks of the Mohawk and 
the Oswego and above their flood line, crossing the Mohawk's tributa- 
ries by aqueducts. The different surveys for greater proposed enlarge- 
ments (to 9, 10, and 14 feet depth, respectively) have also been along 
the same high-level lines, and thus it results that no definite knowledge 
has heretofore been obtained as to the real adaptability of this valley, 
or series of valleys, to the construction of a ship canal (or chain of 
canalized rivers), which must be made wide and deep enough not only 
to pass through its locks the great steamers of the lakes and of the 
ocean, but also to receive and control within its banks and over its 
movable dam crests the yearly floods and ice of the rivers and of their 
tributaries. It has, therefore, been repeatedly and justly said that the 
data did not exist for making estimates for such a ship canal, and that 
its details could not be discussed without them. 
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DATA NOW SUPPLIED. 

It is considered that the map and profile now presented will supply 
all that is needed for any preliminary comparison and discussion, and 
also for making approximate estimates of cost of any desired canal 
construction upon the line which is here selected and indicated, and 
which is adaptable to a ship canal of the largest size. 

DESCRIPTION OF LINE. 

This line follows the Oswego River channel from Lake Ontario for 21 
miles southward to a point near its junction with the Oneida and Seneca 
rivers, where the water surface is 114 feet above extreme low- water level 
of Lake Ontario. Here the line cuts across the intervening ridge to 
the Oneida River (which is here from 25 to 40 feet in depth) and takes 
the most direct line eastward to Oneida Lake, cuttiug off the great 
bends in the Oneida River and reducing its length from 18 miles to 9 
miles. 

ONEIDA LAKE. 

A special survey was made of Oneida Lake which forms an important 
feature of the route. 

The United States Geological Survey charts show only that its length 
is 21 miles, its average width 4.1 miles, and its mean-level elevation 
above tide at i^ew York 'MO feet. 

The depths are found to be 9J feet at the outlet at Brewerton, gradu- 
ally increasing to 20 feet at about 3 miles eastward, and 25 to 49 feet 
for the remaining is miles to the eastern end of the lake. Here the 
shore, in the vicinity of the common outlet of Fish Creek and Wood 
Creek, is of fine sand and has a slope of 1 per cent, reaching a depth of 
20 feet at 2,000 feet offshore. 

This was the original entrance into Oneida Lake of the branch of the 
3 J feet Erie Canal as surveyed in 1808 and built in 1832-1836; but the 
shifting sands made it so difficult to maintain the unprotected entrance 
that this branch was abandoned when the canal was enlarged to 7 feet 
in 1863-64. 

A permanent entrance would now be assured by sand*tight jetties 
carried out to 20 feet depth, through which the valley of Wood Creek 
may be reached and thence Ibllowed by the most direct line, cuttiug off 
all its crooks and bends, to the head of the Mohawk Valley at Rome 
through the dividing summit, 444 feet above tidewater and just 200 feet 
above extreme low-water level of Lake Ontario. Here the two historic 
streams are within 1,600 yards of each other, and the line of the port- 
age of colonial times, over which all the commerce of the West then 
passed, is now the main street of the town. 

BRIDaES. 

The location of line at Rome is such as to avoid crossing the four- 
track ITew York Central Railroad. Elsewhere the number of draw- 
bridges which would be called for is at a minimum. Those which now 
exist and which would be needed to cross the route between Oswego 
and Troy are as follows : 

Existing railroad bridges : 

Four-track (one near Utica and one at Schenectady) , ...,.,^. 2 

Two-track (one at Oswego and one at West Troy) J . . , 2 

One-track 4 
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Additional railroad bridges : 

One-track «.w «.4 «.« ^ 4«..44..*. 3 

In all 11 

ff    

Existing hiffh way bridges ^ ^.^^ * 41 

Additional Highway bridges... ^.^ ........^.w.. ...... 14 

In all 55 

MATBRIAL. 

At Little Falls (100 miles from Lake Ontario by the line selected) 
the first rock, in the Mohawk Yalley, appears and the first marked fall 
of the Mohawk Elver occurs, being about 50 feet within 2 miles. The 
river surface just above the falls is about on a level with the surface of 
Oneida Lake, 50 miles distant, and this has often suggested the advan- 
tage of cutting through the intervening ridge dow^n to the Oneida Lake 
level. For the consideration of this enormous excavation there has 
been needed a more> definite knowledge of the material forming the 
dividing ridge. This has now been obtained from the record of a 
number of deep well borings which have been made at various places 
between liome and Little Falls, and which give assurance that only 
glacial drift exists above a line 330 feet above tide water, or 40 feet 
below the surface of Oneida Lake. The same character of material was 
found to form the bottom of Oneida Lake, most of which has a depth 
of 40 feet or more. To determine this, every sounding was made with a 
specimen dredge, which brought up 20 cubic inches of clay, gravel, sand, 
or mud at ea<'h of the 100 or more soundings which were distributed 
over its whole area. 

MOHAWK VALLEY. 

From Kome eastward the line follows the general course of the 
Mohawk River, which from here to Little Falls meanders from side to 
side of the Mohawk Flats, which vary from half a mile to 1 mile in 
width and are bounded by the hills on either hand. 

From Little Falls eastward the Mohawk is closely bounded by rocky 
hills on either side and the line more nearly follows the actual riverbed 
as far as the Falls of Cohoes, where the Mohawk descends into the Hud- 
son. Here the present line of the Erie Canal is taken to accomplish the 
descent of 146 feet to the Hudson just above the State dam at Troy, 
where tide water is reached, 177 miles from Lake Ontario, and where 
the Hudson River is available thence for 154 miles to the Battery in 
New York Harbor. 

WATER SUPPLY. 

This examination has not included the all-important feature of water 
supply for the summit level at Rome, which is recognized to be the 
only doubtful feature of this otherwise obviously desirable route. The 
writer has however satisfied himself that the necessary water for the 
operation of any ship canal on this line can be supplied in three dif- 
ferent and practicable ways: first, by reducing the demand by the use 
of balanced caisson locks at each end of the summit level (the lower 
levels being amply supplied by inflowing streams) and by utilizing, 
for purposes of navigation only, the whole of the present stored supply 
of the summit level of the Erie Canal; second, by increased storage in 
the lakes and valleys of the Adirondacks, supplemented, if need be, 
by a moderate-sized high-level feeder bringing Lake Erie water for 70 
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miles from the present Brie Oaaal at Macedon around on the hillsides 
lying south of the present lower levels of the Erie Canal, and thus 
reaching the Rome level; or, lastly, by cutting through the Kome sum- 
mit down to the level of Oneida Lake and using its storage capacity. 
The last appears to be the least desirable, but either is feasible. Which 
of them will prove to be the most economical and effective can be 
determined when the more definite estimates for final construction are 
needed. 

AUTHORITIES. 

In the preparation of this map and profile full use has been made of 
the records of the State engineer's office at Albany and of the United 
States engineer office at Oswego, under both of which offices surveys 
for projected canal enlargement have formerly been made. The pub- 
lished maps of the United States Geological Survey have also been 
utilized from Phoenix to Utica and from Fonda to the Hudson. The 
details of the Eome summit were obtained from a recent and accurate 
contour map made in 1895 by the Stanwix Engineering Company. The 
profile of the Oswego Eiver is based in part upon a very full and care- 
ful profile made in 1820 by Civil Engineer Bates, while the river was in 
its natural state and before the building of the first canal in 1825-1828. 
Most of its bed being of rock, the main changes have been due to the 
dams, and these changes were obtained from an equally complete pro- 
file made in 1896 by Mr. Henry C. Allen, C. E., who is mentioned later. 
The part showing the valley of the upper Hudson from Lake Champlain 
to Troy has been prepared from the records of all the numerous surveys 
which have been made of it — largely from one made in 1853 by William 
A. Perkins, resident engineer New York State canals, checked by the 
profile prepared by Mr. Ishara Randolph, C. E., of Chicago, and issued 
in January, 1896, by the Western Society of Civil Engineers. The 
remaining parts were made up from the most reliable sources available 
and from characteristic cross sections of the valleys made for this pur- 
pose with stadia and hand level at one hundred or more points between 
Oswego and Troy. Particular mention is made of Mr. Albert J. Himes, 
associate member of the American Society of Civil Engineers, of 
Albany, and Mr. Henry C. Allen, associate member of the American 
Society of Civil Engineers, of Syracuse, each of whom has supplied 
most valuable material in addition to that obtained by the writer. 

lOE RECORDS. 

The ice records of Oneida Lake, which also accompany this report, 
show that the lake is free from ice for an average of 253 days^ per 
year. The average dates during the past fifty years on which Oneida 
Lake has closed in winter and opened in spring are December 17 and 
April 6, while the rivers usually close later and open earlier. 

OBJECT OF THIS EEPOET. 

It is not the present purpose to offer any general arguments upon 
the need for a great canal from the lakes to tide water, nor to make 
estimates for any specific canal construction along this particular 

^ The above is increased to 255 days by omitting one of the terminal days and the 
odd day in Febmary. — L. E. C. 
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route; the intention is merely to show the existing conditions of essen- 
tial features for use in making future estimates for the Oswego- Oneida - 
Mohawk Valley route from Lake Ontario to the Hudson River. 
Respectfully submitted. 

William Pierson Judson. 

The United States Deep Waterways Commission. 



ST. LAWRENCE-CHAMPLAIN ROUTE. 

Special Report on Preliminary Reconnoissances made by F. M. Barstow, C. E., 

AND Thomas A. Paterson, C. E. 

I. St. Lawrence Rapids, Ogdensburg to St. Regis. 
II. St. Francis and Champlain Canal route. 
III. South Bay route, Champlain-Hudson Divide. 

INTRODUCTION. 

The object of these reconnoissances was to determine the availability 
for ship-canal location of certain territory, which has not heretofore been 
utilized or examined in detail for this purpose, on the route from Lake 
Ontario to tide water of the Hudson Kiver by way of the St. Lawrence 
River and Lake Champlain. 

In the development of this route, three localities require works of 
magnitude. 

(1) Some 45 miles of the St. Lawrence River, descending some 91.3 
feet by a series of rapids from the level of Lake Ontario at Ogdensburg 
to the level of Lake St. Francis at St. Regis. This series of rapids is 
overcome on the Canadian shore by the Williamsburg and Cornwall 
canals, consisting of four distinct canals — viz, the Galops, 7.60 miles j 
the Eapide Plat, 3.70 miles ; the Farrans Point, 0.75 mile; and the Corn- 
wall, 11.50 miles — aggregating 23.55 miles, and intermediate reaches 
of water, aggregating 19 miles, a total of 42.55 miles. The conditions 
are somewhat rugged for the development of canals of larger capacity 
along the Canadian shore, and it was determined to examine the Ameri- 
can side for a more favorable location. 

(2) Some 45 miles lying north of the outlying spurs of the Adiron- 
dacks, between the southeast angle of Lake St. Francis and the level 
of Lake Champlain in the Great Chazy River, southwest of Rouse 
Point, and descending some 58.5 feet. Routes had been surveyed from 
Lake St. Louis to the Richelieu River at St. Johns, and also from Lake 
St. Francis to the same point, and it was desired to develop the extreme 
southern and the shortest possible line across the base of the Caughna- 
waga triangle, bounded on the sides by the St. Lawrence and Richelieu 
rivers. 

(3) Some 35 miles of the Champlain-Hudson divide between the head 
of Lake Champlain and the Hudson River at Saratoga Dam, at which 
the river drops below the Champlain level. For that portion of the 
divide north of Fort Ann an alternative line to South Bay, a westerly 
arm of Lake Champlain, has been suggested, the proposed location 
being somewhat shorter and more direct than the line by way of Wood 
Creek to Whitehall. 

The funds available were entirely inadequate for making any proper 
surveys, and so the examinations were limited to rapid reconnoissances. 
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which it was anticipated would develop significant features, justify 
surveys, and determine their proper scope. 

The following notes and reports present the results obtained on the 
three divisions in their natural order: 

I. ST. LAWRBNOB RAPIDS, OODBNSBURa TO ST. REGIS. 

The reconnoissance on the south shore or American side of the St. 
Lawrence between Ogdensburg and St. Eegis was made by Mr. P. M. 
Barstow, 0. B., in the latter part of May. He was instructed to "take 
a critical view of the territory in the quickest and most convenient 
manner, and form a judgment as to how favorable it may be as com- 
pared to the Canadian shore, having in view some probable solution 
for each rapid that may require a separate canal. In this connection 
the utility of islands and by-channels claim consideration, and also the 
possibility of crossing over to the valley of Grass River from the head 
of the Long Sault, or of actually canalizing the American channel 
itself." 

Mr. Barstow's report is given below. The information on his sketch 
map is compiled with other material on the outline map submitted as 
part of profile ^o. 6, t-o which reference is made in the report. The 
detail charts of the CTnited States Lake Survey are elaborate in respect 
to soundings and the immediate shores. The information regarding 
elevations is meager and is presented on profile No. 6. 

It appears that the most difficult problem is presented at and below 
the Galops Rapids, and that elaborate surveys will be required to prop- 
erly develop the utility of the south shore and the back country for 

canal location. 

Burlington, Vt., May S6y 1896. 

Sir: I have the honor to submit the following report on a preliminary reconnais- 
sance made on the south bank of the St. Lawrence River, between Ogdensburg and 
St. Regis, to determine the feasibility of canal location there, as compared with the 
now existing works on the Canadian side, as instructed b^'^ your letter of May 15. 
The time allowed for the work was so short and the difficulties of the country so 
great that I am not able to present any location, but can only describe the general 
lay of the country and verify the maps already in existence. 

Over the entire distance from Ogdensburg to St. Regis the banks of the St. Law- 
rence River are stable And abrupt, rising from 30 to 40 and 60 feet above the water* 
This is also shown by contour lines on printed charts made from surveys of the north- 
ern and northwestern lakes by Maj. C. B. Comstock, Corps of Engineers, United 
States Army, in 1871, St. Lawrence River sheets Nos. 1 to 8, scale 1:10,000. 

The material is clay, bowlders, and sand. The only solid rock showing on the anr- 
face is in the immediate vicinity of St. Regis, although of course a great portion of 
the bottom of the St. Lawrence River is rock. 

The Galops Rapids are the first rapids below Ogdensburg and are now passed by 
the Galops Canal, on the Canadian side, some 7^^ miles long. 

To pass them on the American side two courses would seem to be open— either to 
cnt the canal through the banks, which are some 25 feet high near the river, or to 
utilize a continuous stretch of islands over the first 8 miles by oonnecting them with 
embankments and building a dam from Sheldon Island to the shore. This would 
give a channel some one-fourth mile wide and would not require much deepening to 
give 24 feet of water. From Sheldon Island 1 can see no way except to build a canal 
the remaining 4 miles to slack water, entirely in excavation with banks about 20 feet 
above the water. I found no depression or any indication of a depression through 
the country back from the river. 

The next rapids are now passed by the Morrisburg Canal, about 4 miles long. To 
pass them on the American side Ogdens Island and a chain of smaller islands might 
be utilized to canaliae the American channel^ or a eanal would have to be oat in 
excavation with banks some 30 feet above the water. 

Farrans Point Canal is short, being three-quarters of a mile long and located near 
the head of Croils Island. The swift water on the American side, however, appears 
to be nearly 2 miles farther downstream, near the foot of the same idlaad, and the 
problem here is precisely the same as at the rapids above. 
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The next and last rapids before entering Lake St. Francis are the Long Sanlt 
Rapids now passed by the Cornwall Canal, IH miles long, with fall of some 47 feet. 

The location of the islands for the tirst 7 miles is such that it would seem as if the 
American channel could be canalized if it were not for the great volume and very 
swift water that passes between Long Sanlt Island and Barn harts Island. Then 
catting through banks averaging 30 feet high, and in places from 40 to 80 ieet high, 
is 5 miles to slack water. 

There is also another way of passing the Long Sault Rapids shown on the accom- 
panying sketch map.i There are two rivers — the Grass River, about 2 miles back 
m the country, and the Racket River, 1 mile still farther back, that flow through 

great valleys parallel to the St. Lawrence — which mi^i^ht be utilized. The Grass 
;iver, at a point opposite the head of the Long Sault Rapids, is 2 miles distant and 
about 40 feet lower than the St. Lawrence River, but separated from it by a ridge 
which, in places, must be 100 feet higher than the St. Lawrence. The mouth of 
Grass River is in switt water of the St. Lawrence. The Racket River is about the 
same elevation as Grass River, and is 1 mile farther south, and separated from 
Grass River by a high ridge, but its mouth is in slack water of the St. Lawrence. 
Both these rivers flow between high, stable banks and are substantially slack water 
from Massena to the St. Lawrence. 

If the waters of the St. Lawrence can be carried from the head of the Long Sanlt 
Rapids 3 miles across into the Racket River, the remaining 9 miles of canal is built 
by simply damming the mouth of Racket River. 

The water of the St. Lawrence River can be carried into these rivers either by cut- 
ting through the two high ridges mentioned a distance of 3 miles, or, by going back 
np the St. Lawrence about 5 miles, there is a depression in the country fi*om the St. 
Lawrence to the Racket River, as indicated on sketch map,^ which, however, lengthens 
the canal route some 7 miles, but greatly lessens the depth of excavation. 

I have simply tried to give you some information of the country between Ogdens- 
bnrg and St. Regis, without any opinion as to ship canal limitations or what is the 
best route or course to pursue. I am fully convinced that after accurate surveys are 
made of this country, and full and correct data are obtained, that problems will be 
presented that will cause discussion among the best engineering talent of the coun- 
try, and I would consider it presumption on my part to assume to say now whether 
it would be more feasible to build new canals on the American side or enlarge the 
works now in operation in Canada. 

Very respectfully submitted. 

F. M. Bakstow. 

Mr. Ltmatn E. Cooley, C. E., 

Engineer United States Deep Waterway 8 Commission, 

II. ST. FRANCIS AND OHAMPLAIN CANAL ROUTE. 

The reconnoissance between Lake St. Francis and Lake Ohamplain 
south of the Canada Atlantic Railway was made by Mr. F. M. Bar- 
stow, C. E., in the month of April, 1896. The weather conditions dur- 
ing a portion of the period were very bad, owing to melting snow, rains, 
and heavy floods, but the results were needed at an early day, in order 
to give direction to other work. The information secured was more 
than had been anticipated. 

The trend of the streams in this region seemed to suggest a possible 
location, which was reenforced by an examination of available maps 
and profiles and by the opinions of those familiar with railway surveys. 
It was determined to make a sufficient reconnoissance to test the mat- 
ter, with the result of extending the examination until the territory 
in question was developed as far as seemed advisable without actual 
surveys. 

Mr. Barstow was instructed to confine his operations to the route 
from Lake St. Francis via the Ohateaugay and English rivers and Nor- 
ton Creek valleys to a terminus in the vicinity ot LacoUe, or south of 
Rouse Point, as the territory farther' north, from Lake St. Francis and 
Lake St. Louis to the Richelieu River in the vicinity of St. Johns, 

1 See Outline map, profile No. 6. * See profile No. 6. 

H. Doc. 192 5 
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had been covered in old surveys, and had been further examined by 
Mr. Thomas Monro for the Canadian Deep Waterways Commission. 

Mr. Barstow's report is given below, along with a supplemental 
report in response to further instructions regarding the territory 
between Lake St. Francis and the Chateaugay Kiver. The informa- 
tion given in his sketch map and profile has been compiled, along with 
all other information that could be secured, in the outline map and 
profile designated as profile No. 7, and to this reference is made in con- 
nection with the report. The data incorporated in profile No. 7 are set 
forth in "Notes on profiles,^' etc. 

Mr. Barstow's work has developed a feasible route, and a full survey 
is amply justified. The information available is insufficient for a spe- 
cific project or to determine relative availabilty, though the shortening 
of distance in restricted navigation invites favorable consideration. 

Burlington, Vt., April 28 ^ 1896. 

Sir: I have the honor to make the following report on a preliminary reconnais- 
Bance of the St. Lawrence-Charaplain route, to ascertain if any final surveys were 
feasible, made under your direction and in accordance with your letter of instructions 
of March 28, 1896. 

From Valleyfield southwesterly for 5 miles, and as much farther as one could see, 
the shores of Lake St. Francis are low, being only from 3 to 5 feet higher than the 
present level of the lake; and permanent embankment walls, for this distance at 
least, would be required if the level of the lake was raised. 

From near Lake St. Francis to the junction of English River and Norton Creek, 
along the line of the Canada Atlantic Railway, as is shown by the accompanying 
profile, the land is lower than the level of Lake St. Francis. This country being so 
generally level from west to east and having a gentle slope up toward the south, very- 
little time was spent upon it. 

Two lines for survey are indicated on the accompanying sketch map,^ one on what 
I judge to be the Lake Sfc. Francis level, from 1 to 3 miles south of the Canada Atlantic 
Railway to the English River, then up this river to the mouth of Norton Creek at 
Aubrey. The other line leaves Lake St. Francis about 3 miles farther south, going 
near St. Barbe, St. Stanislas, and Dewittville to the Chateaugay River, following 
down this river some 10 miles to its intersection with the first line, thence by same 
location as the first line to Aubrey. 

From Aubrey to the Richelieu River and Lake Champlain four lines are indicated, 
two of them entirely in Canada and two partly in Canada and partly in the United 
States, with the locks in the United States. 

The first follows up Norton Creek 3 miles, and thence on the westerly slope of 
higher country to St. Johns on the Lake St. P^rancis level. 

The second follows up Norton Creek 7 miles, keeping: north of Canada Atlantic 
Railway, and crosses the Montreal Junction and Grand Trunk Railway 3 miles north 
of Canada Atlantic Railway, then easterly to the Little Montreal River, 3i miles 
north of Canada Atlantic Railway. From the Little Montreal River the line leads 
suutheasterly across a ridge of unknown height into Lacolle River, then follows 
down Lacolle River into the Richelieu River. 

The third follows up Norton Creek 10 miles, then crosses easterly into the Little 
Montreal River, following up this river about 1 mile, then southeasterly through a 
continuous swamp into the Great Chazy River near Perrys Mills, then down the 
Great Chazy River into Lake Champlain at Kings Bay. 

The fourth follows up the English River from Aubrey about 10 miles, then easterly 
to the head waters of Little Montreal River, 2 miles south of Hemmingford, thence 
northeasterly into the third line, and then follows location of third line to Kings Bay. 

Two of these routes for possible survey — the St. Johns route, for reason of its great 
length and the great amount of dredging required in the Richelieu River, and the 
English River route, on account of the higher elevations over some 8 miles of its 
course and the great amount of rock and unfavorable soil encountered — may be elimi- 
nated from any discussion as to whether any final surveys are feasible or not, and 
only the Lacolle and the Norton Creek routes considered at this time. V-»^^!!!i'4 

If it is feasible to build a canal anywhere on earth it would seem to be through 
the 20 miles of country from Lake St. Francis to the junction of the English River 
and Norton Creek at Aubrey. The soil is clay, with very few bowlders and no rock 
1 edges in sight, and almost any desired level can be found. 

1 See outline map, profile No. 7. 
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From Aubrey both the LacoUe and Norton Creek lines follow up Norton Creek 
Valley about 7 miles and then separate. The LacoUe route keeps about 3^ miles 
north of the Canada Atlantic Railway, on an elevation averaging about 30 feet 
higher than Lake St. Francis, for 10 miles, to the Little Montreal River; it then cir- 
cles southeasterly over a ridge of unknown elevation, probably not very high, for 
7 miles into the Lacolle River near Lacolle, then follows down Lacolle River 2 miles 
to the Richelieu River, then up the Richelieu River, where a good deal of dredging 
will be required, into Lake Champlain, making some 20 miles of excavation besides 
the dredging in the Richelieu River. This route follows the two legs of a right 
angle triangle^ of which the Norton Creek route is the hypothenuse. 

The Norton Creek route follows up Norton Creek Valley about 11 miles, through 
clay soil for 7 miles, and then through 4 miles of a black muck bog. Leaving Nor- 
ton Creek at an elevation of 173 feet, it crosses southeasterly for 2 miles over the 
ridge between Norton Creek and Little Montreal River, at an average elevation of 
about 184 feet. A limestone ledge comes to the surface on this ridge. The greatest 
part of the material, however, is clay and black muck. It then follows up the Lit- 
tle Montreal River for about 1 mile through clay and bowlders ; highest elevation, 
206 feet. It then bears southeasterly for 4 miles through a black muck swamp, cross- 
ing on this 4 miles the height of land, elevation of 210 feet. This high elevation is 
short, only about 1 mile. It now bears nearly south on descending land for 3 miles 
through a continuation of this black muck swamp into the Great Chazy River near 
Perry's Mills; elevation about the same as Lake St. Francis, making some 17 miles 
of elevation above Lake St. Francis, of which it is safe to say that 11 miles are under 
30 feet above the lake, and only 2 miles reaching an elevation of 50 feet above 
the lake. 

From Perry's Mills for 5 miles to Cooperville the Great Chazy River is between 
high and stable clay banks, and no excavation or embankment is needed — simply to 
dam the river and put in the locks where most convenient. From Cooperville for 1 
mile to the lake the banks are low, and dredging will be necessary. 

Final and accurate surveys will undoubtedly change some of the data and dis- 
tances given in this preliminary reconnoissance, but the levels run upon the Norton 
Creek route are reliable. 

A sketch map and approximate profile accompany this report^ and are to be con- 
sidered a part of it.^ 

Very respectfully submitted. 

F. M. Barstow. 

Mr. Lyman E. Cooley, C. E., 

Engineer United States Deep Waterways Commission, 



Burlington, Vt., June 5, 1896. 

Sir : I have the honor to report that I made the trip as directed in your last letter. 
I went from Ho wick on the Grand Trunk Railway up the banks of the Chateaugay 
River to Huntington, then drove back to Dewittville, and thence through St. Stanislas 
de Kostka to Lake St. Francis, some 5 miles above Valleyfield. 

I can report nothing more favorable than in my first report. In fact, this last trip 
only confirms what was then reported, viz, a gentle up slope toward the south from 
the Canada Atlantic Railway. The country is not level to an abrupt hillside, as you 
hoped it might be. 

The banks of the Chateaugay River are from 15 to 25 feet high. Its current is 
slow, there being three dams and two small rapids between Howick and Dewittville; 
so I would judge that the river at Dewittville is not over 25 feet higher than it is at 
Howick. 

Between Dewittville and St. Stanislas de Kostka one is far enough south to be 
beyond the level plain-like country that the Canada Atlantic Railway runs through. 
The country is rolling, and one goes over some considerable hills. 

If it is desirable to use a portion of the Chateaugay River for the canal it would 
seem advisable to keep some 3 or 4 miles to the north of St. Stanislas de Kostka and 
enter the Chateaugay River 4 or 5 miles north of Dewittville, thus keeping in a 
more level country and avoiding the rolling land and hills farther south. 

No solid rock showed on the surface, but the tops of all the ridges were covered 
with bowlders, the soil being usually clay. 

The shores of Lake St. Francis are low, as I have heretofore reported. 

Very respectfully submitted. 

F. M. Barstow. 

Mr. Lyman E. Cooley, C. E., 

Engineer United States Deep Waterways Commission, 

1 Compiled on sheets profile No. 7. 
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III. SOUTH BAY ROUTE — CHAMFLAIN-HUDSON DIVIDE. 

The reconnoissance between Fort Ann and South Bay was linnfited to 
checking a line of levels run along the highway by the United States 
Geological Survey. This was done for the Commission by Mr. Thomas 
A. Paterson, O. E., Whitehall!, N. Y., and from his memoranda and 
other data the following notes are made up. 

This location was suggested by Mr. Chauney ^. Button. It leads 
nearly due north between Putnam and Fort Ann mountains from a 
point north of Fort Ann some 7 miles to the vicinity of South, Bay 
village, 2 miles from South Bay, and to which the waters of Lake 
Champlain back in times of high water in the lake. The valley is 
described as a preglacial channel filled with glacial debris, the removal 
of which may provide " a feasible route for a ship canal with water run- 
ning directly from Lake Chami)lain to the Hudson.* The sheets of the 
United States Geological Survey had not been extended through this 
valley, but a sketch was furnished showing the line of levels above 
mentioned. The accuracy of these levels had been questioned by par- 
ties who had been on the ground. 

Mr. Paterson started from a bench mark at Fort Ann, the elevation 
of which had. been determined by the United States Coast and Geodetic 
Survey. He found that the plane of reference of the Geological Survey 
was some 6 feet higher than that of the Coast Survey, which has been 
adopted for the work of the Commission, anti that with this reduction 
the levels of the Geological Survey were substantially correct. 

This line runs for considerable distances above the lowest ground, 
but the ruling points are given. It appears that for 6 miles or more 
of this route the elevation is lliO feet and up\>ar(l above the level of 
Lake Champlain, and that it is much higher for a short distance, with 
a maximum exceeding 200 feet. The remaining distance is over low- 
lying ground, that at the north end being but little elevated above 
South Bay. 

Mr. i aterson's observations lead him to doubt the filling in of the 
valley at the north end, but he thinks that '* there may have been some 
filling wash* d in" at the south end. He doubts the utility ot the line 
as compared to the present route by Whitehall, and suggests a full 
survey if the route is to be considered. 

Map No. 11a shows by contours the South Bay route. These con- 
tours, as drawn, se^m to give the elevations too low, but the data 
secured have been insufficient to warrant a revision. 

That any conditions of fact or treatment that may develop in aa 
exhaustive consideration will lead to the adoption of the South Bay 
route seems improbable, and yet its examination is incidental to any 
comi^rebensive survey of the Champlain- Hudson divide. 

» Prof. G. F. Wright, A. A. A. S., at Springfield, ilflss., August, 1895. 



EXHIBIT Bl. 

ELEVATIONS FOR THE GREAT LAKES AND EOR THE ST. 

LAWRENCE AND HUDSON RIVERS. 



Notes by J. E. Malonet, C. E. 



Part I. Primary leveling. 

Part II. Special discnssions. 

Part III. Notable elevations, bencb marks, and reference planes. 

Part IV. Reference planes and deptbs for barbor and cbanuel improvements. 



INTRODUCTION. 

In the compilation of profiles and in the reduction. of water-level 
observations it has become Tiecessary to a<lopt standard elevations, so 
referred in the several localities to known planes of .reference that 
future changes in elevation, due to greater precision of leveling, e^n 
be made without undue confusion. These notes are designed to present, 
in logical sequence and in brief, the evidence on which accepted eleva- 
tions are based, and to catalogue the principal points and planes of 
ret^rence. 

All elevations are referred to average sea level, specifically to mean 
tide at I^ew York City, sometimes stated as at Governors Island, and 
again as at Sandy Hook. In the present investigation all elevations 
depend on a certain bench mark at Greenbush, N. Y., as determined by 
the Coast and Geodetic Survey, and adopted by the Lake Survey in 
1880. This bench is the starting point for all levels for the Great 
Lakes and St. Lawrence River. 

Leveling operations were conducted by the several authorities in his- 
torical order as follows : 

(1) Hudson River from NTew York to Greenbush by spirit level. 
United States Coast and Geodetic Survey. 

(2) Greenbush to Lake Ontario and through the chain of lakes by 
spirit and water levels. United States Lake Survey. 

(3) Greenbush to Lake Champlain and to Rouses Point, by spirit and 
water levels. United States Coast and Geodetic Survey. 

(4) Rouse Point, along Richelieu River and the St. Lawience River, 
from Quebec to Lachine, by spirit level. De])artment of public works 
of Canada. 

(5) Rouse Point to the St. Lawrence River, at Valleyfield, and thence 
to Kingston, by spirit level. Department of railways and canals of 
Canada. 
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The accuracy of tbese determinations may be inferred by comparison 
with the following: 

(1) Hudson Kiver, recent leveling by the United States Coast and 
Geodetic Survey. 

(2) Erie Canal system, from Albany to Lake Champlain, to Lake 
Ontario, and to Lake Erie. 

(3) St. Lawrence River, from Eouse Point and from Lachine to Lake 
Ontario, at Kingston. 

(4) Mississippi Eiver, from Gulf of Mexico to Lake Michigan, at 
Chicago, and Lake Superior, at Duluth, by Mississippi River Com- 
mission. 

' In the following digest the data east of Lake Erie are presented as a 
whole before proceeding to the upper lakes. 

Part I. Primary Leveling. 

MEAN tide or AVERAGE SEA LEVEL. 

Mean tide or average sea level at New York City has been established 
by the following observations of the United States Coast and Geodetic 
Survey :^ 

(1) Governors Island, N. Y., 1852 to 1879, inclusive. 

(2) Sandy Hook, N. J., 1876 to 1881; January, 1882, to August 31, 
1884; December 1, 1886, to March 31, 1889, all inclusive. 

The mean tide as established at Governors Island was transferred by 
water level to a mark on the tidal gauge at the foot of Eighteenth 
street, New York, and used as the plane of origin for the line of levels 
run up the Hudson River in 1857-58. 

The mean tide as established at Sandy Hook and referred to con- 
venient bench marks, has been used as the plane of origin for all levels 
since. Levels of precision have been run and a chain of bench marks 
established about New York Harbor and vicinity, and from the bench 
mark established at Dobbs Ferry, levels of precision were run up the 
Hudson Kiver in 1894. The Sandy Hook plane was also used as the 
origin of the transcontinental line. 

All the elevations in the following pages are given as above mean 
tide at New York City, unless otherwise stated. 

HUDSON RIVER LEVELS. 

In 1857-58 Mr. J. B. Vose, of the Coast and Geodetic Survey, ran a 
line of levels up the east shore of the Hudson liiver from the tide gauge 
at Eighteenth street. New York City, to a bench mark on the gristmill 
at Greenbush, N. Y.^ An ordinary wye level was used, and a double 
line run between stations. When the check was not satisfactory, the 
line was rerun. The elevation of the bench mark is given as 15.37 feet, 
with a probable error of i 0.20 foot as assigned by Mr. Vose,^ and of 
± 0.10 foot by the Superintendent of the Coast and Geodetic Survey.* 
The distance covered was about 147 miles. 

In 1875, Lieut. J. B. Willard ran a check line between the Coast and 
Geodetic bench mark at Stuyvesant and the bench mark on the grist- 



* Report Coast and Geodetic Survey, 1887. Appendixes 7 and 14. 

2 Other bench marks were established, but all have been destroyed except the 
bench mark on the gristmill. Report Chief ot Engineers, 1876, part 3, page 71, et 
seq. 

3 Report Coast and Geodetic Survey, 1857, page 352. 

-* Report Chief of Engineers, 1896, part 3, page 71, et seq. 
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mill at Greenbush, and notes an agreement within 0.50 foot. This line 
was ruu with an ordinary wye level and covered a distance of about 20 
miles.^ 

A line of levels in connection with the location and construction of 
the West Shore Railroad, and starting from mean high water at Wee- 
hawken, N. J., as established by the Coast and Geodetic Survey, was 
connected with the plane of mean low water at Albany by the United 
States engineers. This line was run with the ordinary wye level. The 
elevation of mean low water at Albany was determined at 2.58 feet.* 
The elevation of the bench mark on the gristmill, as deduced from this 
value, is 16.01 feet. The distance covered was about 148 miles. 

In 1877 Mr. O. H. Tittman, of the Coast and Geodetic Survey, went 
over part of Mr. Vose's line, using a precise level instrument and 
employing precise methods. Mr. Tittman ran to the bench mark on the 
gristmill at Greenbush, and also established an elevation on the lower 
miter sill of Lock No. 1 of the Erie Canal at Albany, and gives the 
elevations as follows: ^ 

Feet. 

Bench mark on gristmiU 14.728 

Lower miter siU of Lock No. 1 6. 145 

In 1894 the Coast and Geodetic Survey ran a line of precise levels 
along the Hudson Eiver, starting from the bench mark at Dobbs Ferry. 
The superintendent gives the elevation of the bench mark on the grist- 
mill as 13.645 feet, with the following note: "The difference between 
the above (13.645) and any former results is probably due to the more 
perfect determination of tidal level than to any other cause."* 

The following table shows the elevation of the bench mark on grist- 
mill at Greenbush, as determined at different times: 



Date. 


Authority. 


Elevation. 


1857-58 


Mr. J. B. Vo86. Coast and Geodetic Survey 


Feet. 
15.87 


1876 


Lieut. J . B. Willard. United States En&riu'eers 


15.374-0.50 


1877 


Mr. * K TT. Tittman. (Joast and Gre(>detic Survev 


14.728 


1889 


Deduced from West Shore Railroad levels 


16.01 


18W 


Coast and Geodetic Survey 


13.645 









The elevation (14.73 feet) for the above bench mark has been adopted 
by the United States Deep Waterways Commission, for the following 
reasons : 

The Lake Survey used the v;ilue 14.73 in deducing the elevations of 
the Great Lakes, and all published elevations are based on this value. 

The Coast and Geodetic Survey used 14.73 in deducing the elevation 
of Lake Champlain, and all published elevations are based on this 
value. 

Less confusion was likely to arise by adhering to the value hereto- 
fore accepted until such time as the entire system of levels could be 
systematically redetermined. Meantime, elevations can be reduced to 
the latest determination of the bench mark at Greenbush by subtract- 
ing 1.08 feet. 

1 Report Chief of Engineers, 1876, part 3» page 71, et seq. 
^Report Chief of Engineers, 1890, part 1, page 691. 
® Report Coast and Geodetic Survey, 1889, Appendix 7, page 171. 
"* Letter of Mr. W. W. Duffield, Superintendent United States Coast and Geodetic 
Survey, dated March 30, 1896. 
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ELEVATIONS AT AliRANY BASIN. 

The elevation of the lower miter sill of Lock No. 1 (west lock), Erie 
Oaiial, at Albany, has been determined as follows: 

In 1875 Lieut. J. B. Willard determined the difference of elevation 
between the miter sill and the bench mark on gristmill as 20.89 feet; 
elevation of miter sill is, therefore, 14,73—20.89 feet, or — 6.1G feet. At 
the same time the lake survey determined the difference as 20.99 feet, 
and elevation of miter sill 14,.73— 20.99 feet, or —6.26 feet.^ 

In 1877 the Coast and Geodetic Survey determined the elevation as 
-6.145 feet This is equal to a difference of 14.728+6.145, or 20*873 
feet between the miter sill and bench mark,'^ 

Using the bench mark as determined in 1894, or 13.646 feet, and the 
difference as established in 1877, or 20.873 feet, the resulting elevatioH 
of miter siU is 13.645-20.873, or -7.228 feet. 

In regard to any probable change of this -miter sill, the following 
note is given in the report of the IJnited States Lake Survey, Profes- 
sional Papers, Corps of Engineers, United States Army, No. 24, page 
610: 

The miter sUl of west lock has remained unchauged siuce 1839. 

The observations for mean low water as established in 1873 by the 
United States engineers at Albany Basin give the following depths 
on miter sill of Lock No. 1 : 

The arithmeticial mean of six points taken in 1874 is 7.448 feet. (This 
is 0.18 foot below the low water established in 1867 by Assistant Engineer 
Talcott, from relatively few observations.') The State engineer and 
surveyor of New York has adopted a value of 7.443 feet as the plane 
of mean low water, to be used as canal datum.* This appears to be 
a fair mean for the miter sill as determined by the United States 
engineers. 

The following elevations of mean low water at Albany are deduced 
by combining the foregoing elevations of miter sill and depth of mean 
low water as adopted by the State engineer: 



From railroad levels used by United States engineerH, 1890-1894 

Used on Hudson River improvements a 

Combining miter sill — 6.145 and depth of mean low water, /7.44B. 
Combining miter sill — 626 and depth of mean low water, 7.443.. 
Combining miter sill — 6.16 and depth of mean low water, 7.443.. 
Combining miter sill — 7.228 and depth of mean low water, 7.443 



Elevation. 



Feet. 
2.58 
1.44 
1.298 
1.183 
1.288 
.215 



a Report State engineer and surveyor, New York, 1891, page 293. (This value probably deduced 
from Talcott's determination of mean low water in 1867.) 

In all the deductions made for profiles or tables for the United States 
Deep Waterways Commission the elevation of mean low water at 
Albany has been taken as 1.30 feet above mean tide at New York City. 
This value is used as agreeing with the value 14.73 feet for the benc^ 
mark on gristmill, and the mean low water depth as established by the 
State engineer and surveyor, or 7.443 feet, and the elevation of sill 
determined by Mr. Tittman, or —6.145 feet. 

1 Report Chief of Engineers, 1876, part 3, pa^e 72. 

2 Report Coast and Geodetic Survey, 1887, Appendix 7, page 171. 

3 Report State engineer and surveyor, New York, 1875. 
* Report State engineer and surveyor, New York, 1888. 
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GHBBBNBUSH TO LAKE ONTAEIO. 

In 1875 the United States Lake Survey J'an a line of levels from the 
bench mark on gristmill at Greenbush to bench mark A at Oswegro, 
liake Ontario.^ The instruments used were ordinary wye levels, and 
the method was to run two lines by two parties, the second party 
checking on benches established by the first, and eliminating differ- 
ences, as far as possible, by rerunning. 

The difference of elevation between the bench mark on gristmill and 
bench mark at Oswego as established by the two parties is as follows: 

Feet. 

Party No. 1 236.76 

Party m.2 237.71 

For the first 70 miles from Greenbush the total discrepancy between 
the two lines was but +0.13 foot. But for the remainder of the<lls- 
tance to Oswego, 117 miles, the plus sign predominates, and the total 
discrepancy increases to + 0.95 foot. 

The value adopted was a mean of the two, or 237.23 feet, with a prob- 
able error of ± 0.32 foot. 

The resulting elevation of bench mark A at Oswego is 237.23 + 14.73, 
or 251.96 it 0.32 feet, and this is the value adopted by the Lake 
Survey. 

From this value of bench mark A (251.96) the elevation of the lower 
miter sill of Lock No. 18, Oswego Canal, at Oswego, has been deter- 
mined by Mr. William Pierson Judson, 0. E , as 237.07 leet.^ 

LAKE ONTARIO TO LAKE ERIE. 

From bench mark A, at Oswego, elevations were carried by wa^er 
levels to bench mark B, at Port j5alhousie. 

The water leveling comprised a connection between the zero of 
gauges and the bench marks, and readings of water surface for a certain 
period. The United States Lak« Survey observations on all the lakes 
for this purpose covered the period from May 11 to August 31, 1875, 
inclusive.^ From the comparison of gauge records the relative positions 
of the zeros were established. 

The elevation of bench mark B at Port Dalhousie was determined as 
258.05 feet. This bench mark is the zero of gauge at that point. Ele- 
vations were also established at several other points about the lake and 
are noted in table of elevations. 

The line of spirit levels from bench mark B, Port Dalhousie, to a 
bench mark on the custom-house at Port Colborne, by United States 
Lake Survey, was run with wye levels, and the same method followed 
as from Greenbush to Oswego. The two parties differed but 0.03 foot 
at Port Colborne and the mean of the two results was adopted. 

The difference of elevation between bench mark B, at Port Dalhousie^ 
and the bench mark at Port Colborne as adopted is 326.59 feet; hence 
the elevation of bench mark on custom-house at Port Colborne is 258.05+ 
3i'6.59, or 584.64±0.32 feet. This elevation of bench mark is 3.87 feet 

1 Report United States Lake Survey, Professional Papers, Corps of Engineers, 
United States Army, No. 24, page 595 et seq. 

2 Letter Mr. Wiiliam Pierson Jud.son, C E., dated April 22, 1896. 

3 Eeport United States Lake Survey, Professional Papers, Corps of Eagin«ers, 
United States Army, No. 24, page 595 et. seq. 
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above zero of gauge, and the elevation of the zero of gauge is therefore 
684.64-3.87, or 680.77 feet.^ 

From these levels the mean surface of Lake Erie (1860-1876) was 
determined as at an elevation of 672.86 feet and the bench mark on the 
lighthouse at Buffalo as 16.96 feet above mean surface, or at an eleva- 
tion of 589.81 feet.2 

aREENBUSH TO LAKE OHAMPLAIN. 

From the bench mark on gristmill at Greenbush the Coast and Geo- 
detic Survey carried elevations by a line of precise levels to Putnam 
Station, Lake Ohamplain, and then by water level to a bench mark on 
the Chapman block at liouse Point, called international bench mark. 

The levels were run in 1882, by Mr. O. H. Tittman, starting from the 
miter sill of Lock No. 1, at Albany, as determined by him in 1877. The 
elevation of the bench mark at Eouse Point was determined as 110.06 
feet, and a probable error of dz 0.30 foot deduced for the water levels 
"exclusive of error due to secular change." ^ 

In 1896, Mr. Albert J. Himes, resident engineer, New York canals, 
established the elevation of the lower miter sill of Lock No. 23, Cham- 
plain Canal, at Whitehall, from Coast and Geodetic bench mark No. 36, 
and gives the elevation as 86.92 feet.* 

CANAL LEVELS. 

In connection with the construction and maintenance of the canals 
of New York, lines of levels have been run from Lock No. 1 at Albany 
through to Oswego on Lake Ontario, Buffalo on Lake Erie, and White- 
hall on Lake Champlain. In 1876 a rerunning of the bench marks 
along the several canals was ordered. The work was done with ordi- 
nary wye levels by the several division engineers and great care was 
taken. Ihe elevations of the bench marks, as determined, have been 
published in the various annual reports of the State engineer and sur- 
veyor,^ The zero or datum used in all these levels is the plane of mean 
low water at Albany Basin. In using canal levels elevations have 
been reduced to mean tide at New York City by adding 1.30 feet, as 
heretofore determined. 

From the canal bench marks the lower miter sill of Lock No. 18 at 
Oswego has been determined as 236.43 feet above canal datum or 
236.43 + 1.3 feet = 237.73 feet above mean tide at New York City.« 

The mean surface of Lake Erie (1860-1876) and of the upper and 
lower miter sill at Blackrock have been determined from canal levels 
and their corresponding elevation above mean tide at New York are as 
follows '? 

Feet. 

Upper miter sill of guard lock at Black Rock 561. 59 

Lower miter sill of gaard lock at Black Rock 561. 63 

Mean surface, Lake Erie, 1860-1875 573.53 

Bench mark on Buifalo light-house 590. 48 

^ Report United States Lake Survey, Professional Papers, Corps of Engineers, 
United States Army, No. 24, page 595 et seq. 

2 Letter Capt. T. W. Symons, Corps of Engineers, United States Army, dated 
Buffalo, March 25, 1896. 

» Report Coast and Geodetic Survey, 1887, April 7, page 171. 

< Letter from Mr. A. J. Himes, C. E., dated April 9, 1896. 

* Reports of State engineer and surveyor of New York, 1888, 1889, and 1892. 

^'Letter, Mr. A. J. Driscoll, first assistant engineer New York canals, dated August 
25, 1896. 

^ Letters, Mr. G. W. Rafter, C. E., engineer New York canals, and of J. L. Little, 
'sion engineer, dated Rochester (February to March), 1896. 
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The elevation of the lower miter sill of Lock 23 at Whitehall, as deter- 
mined from canal levels by Mr. Albert J. Himes, resident engineer, 
!N"ew York canals,^ is 84.981 feet above canal datum, or 84.98+1.3=86.28 
feet above mean tide at New York City. This value 86.28 is corrected 
by the discrepancy discovered in reviewing the Ghamplain Canal levels, 
as noted by Mr. Himes. 

On the Welland Canal there are no data at hand to show any line of 
levels. 

The general report of the minister of public works for Canada, 1867 
to 1882, page 299, gives the absolute difference between miter sills of 
the locks at Port Dalhousie and Port Colborne as 327.96 feet. 

Mr. Thomas Monro, engineer Soulanges Canal,^ gives the elevation 
of the sills of the two locks as follows: 

Feet. 

Lower miter sill new lock at Port Dalhousie 230. 20 

Lower miter sill new lock at Port Colborne 557. 63 

This makes the difference 327.43 feet. These elevations of miter sills 
are deduced from the United States Lake Survey elevations of bench 
marks. 

In the letter mentioned above, Mr. Monro gives a depth of 13.49 feet 
on the sill of old lock at Port Dalhousie as corresponding to the mean 
lake surface (1860-1875) as established by the United States Lake 
Survey. The old lock sill is 2.92 feet above the new, hence the sill of 
new lock is 246.61— (13.49 + 2.92) or 230.20 feet above mean tide at 
!N"ew York. 

BIOHELIEU AND ST. LAWRENCE BIVERS (BOUSE POINT, LAOHINE, 

AND QUEBEC). 

In 1883-84 Mr. E. Steckel, C. E., engineer in charge of geodetic 
leveling for the department of public works, Canada, ran a line of pre- 
cise levels from the bench mark on the Chapman block at Eouse Point 
to Sorel, at the mouth of the Eichelieu Eiver, and continued the line in 
1885-86 to Lachine and Quebec on the St. Lawrence River. Mr. Steckel 
refers all his elevations to an assumed mean tide at the Gulf of St. 
Lawrence, as established by him from tidal observations at Quebec in 
1881-82.^ The bench mark on Chapman block, Eouse Point, !N^. Y., is 
common to Mr. Steckel's and the Coast and Geodetic levels, and its 
elevation as established by the two lines is as follows : 

Feet. 
By the United States Coast and Geodetic Survey, above mean tide at New 

York 110.06 

By the department of public works, Canada, above mean tide Gulf of St. 

Lawrence 114. 50 

As shown by the comparison, Mr. Steckel's datum plane is 4.44 feet 
below mean tide at New York, and all his elevations should be reduced 
by this amount. In the following table all elevations are given in two 
columns, one referred to mean tide at New York and the other to Mr. 
Steckel's datum plane. 

— W^M^— ^" ■■■!■ ■■II.M 11  ■— -  III..--. ■^-■■^■■  -■■■■ — - I.I —■ ■^■■^^»^— ^^»^^ 

1 Letter of Mr. A. J. Himes, C. E., dated September 8, 1896. 
3 Letter of Mr. Thomas Monro, C. £., dated September 2, 1896. 
3 Reports minister of public works, Canada, 1884-85 and 1890-91. 
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Elevations on the St. Lawrence Miver at Lachine, Montreal, and Quehee. 



Dectcription. 



Lower miter sill Lock No. 5« at Lacbine : 

New, north side 

Old, flouth side 

Lower miter sill Lock No. 1, at Montreal : 

N'ew 

Old 



Zero of harbor commissioners' gauge at Sorel, nearly 

2ero of Quebec harbor commissioners' gange 

Zero of Levis. Graving l>ock gange 

Mean tide level at Quebec for low- water season a 

Mean high-tide level at Quebec for low- water season 

Lowest trough of tides at Quebec (springs or neaps) at time of lowest 
normal water (16 feet on miter sill Lock No. I) 



Mr. Steckel's 
datum. 




Mean tide at 
New Y<rt*. 



53.34 
58.30 

5.17 
7.10 

— 4.44 

— 4.46 
—13.06 
+ 2.55 
-+•9.50 

— 6. 11 



a Report minister of public works, Canada, 1890-91. 

Mean amplitude of tides at Quebec (lotv^-water season), 13.88 feeitj 
and half tide, (i.94 feet. 

The elevations of tides at Quebec and at Albany, referr^ to mean 
sea level at New York, are as follows: 





Tides. 


Quebec. 


Alhsaij. 


If AflTI 




2.65 
— 4.39 


:2. 46 


Mean low 


1.30 


Me^n higrh ,--.,- 




Amplitude of .• 


13.88 


2.82 







ST. LAWRENCE RIVER (ROUSE POINT, VALLEYFIELD, AND KINGSTON). 

In 1891 Mr. Thomas Monro, engineer Soulangea Canal, ran a line of 
levels from Rouse Point to Valley field at Lake St. Francis. The instru- 
ment used was an ordinary Y level, and the method employed was 
to run several lines and obtain a mean. Mr. Monro used the Coast and 
Geodetic elevation of 110.06 feet at Rouse Point, and his elevations 
are therefore in feet above mean tide at New York City. This line of 
levels gives the mean surface of Lake St. Francis at Yalleyfield an 
elevation of 154.80 feet.* The miter sill of the lock at Yalleyfi'eld is 
given as 142.52 feet.^ 

From Lake St. Francis at Yalleyfield to Prescott, and thence to Kings- 
ton, Mr. Monro ran a line of levels in 1894-95, Concerning this line, 
(Kingston to Prescott) Mr. Monro says : ^ 

The instruments were of the ordinary kind, and no attempt was made at piwcise 
levelinj^, bat there were three through lines rnn, sometimes six, between beneh marl» 
where there was any considerable di8crepanc3^ 

Concerning the balance of the line from Prescott to Lake St. Fran- 
cis, Mr. Monro says: 

Continuing the levels to Lake St. Francis, we make the total fall to be about 91.50 
feet (fall from Lake Ontario to Lake St. Francis at Valleytield). Thus 154.80 -f- 
91.50 = 246.30 feet instead of 246.61 feet (246.61 feet is the mean level of Lake Ontario 
for the period 1860-1875). This, under the circumstances, is a fairly accurate close, 
and it precludes the possibility of serious error. 

The above comparison is between mean water surfaces for diflterent 
periods and exhibits the general result only. 

^ I^etter Mr. Thomas Monro, engineer Soulanges Canal, dated September 2, 1896. 
2 Profile St. Lawrence River, by Thomas Monro, engineer Soulanges Canal. 
'Letter dated September 4, 1895, through Mr. John Kennedy, chief engineer^ 
Montreal harbor commissioners. 
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Under date of September 2, 1896, Mr. Monro says: 

The lines contiDued from Rouse Point to Kingston showed the zero of the gauge 
at the dry dock there to be 244.81 feet over mean tide at New York. A connection 
was made between this point and both Charlotte and Oswego, as shown.^ 

The zero of gauge at Kingston dry dock is given as 244.81 feet above 
mean tide at New York. A mean of the water level of Lake Ontario 
for four years, 1891-1894, at Kingston, as furnished by Mr. Monro^ 
gives an average reading of 0.92 foot above zero of gauge. The same 
period at Oswego gives an average reading of 1.69 feet above zero; 
hence the Kingston zero of gauge is 1.69 — 0.92, or 0.77 foot above the 
zero of gauge at Oswego, and is at an elevation of 244.21 + 0.77 = 
244.98 feet by United States Lake Survey levels. The elevation as 
determined from Oswego is 0.17 foot higher than given by the St. 
Lawrence levels. 

The slope in river surface from Kingston to Prescott is given by Mr. 
Monro as 0.25 foot.^ 

The elevations used by the United States Deep Waterways Commis- 
sion ibr the St. Lawrence River from Ogdensburg to Lake St. Louis 
are based on Mr. Monro's determination, and from Lachine east the 
elevations depend on Mr. Steckel's levels corrected by the difference in 
datum planes, or 4.44 feet. 

LAKE ERIE TO LAKES HURON AND MICHIGAN. 

From Port Colborne the Lake Survey carried elevations by water 
level to the west end of Lake Erie to a gauge at Kockwood, and trans-- 
ferred to bench mark 2 at Gibraltar (about 2 miles) by spirit level. 
Elevations were also established at several other points about the lake 
aniJ are noted in table of elevations.^ 

For the purpose of eliminating wind effects, observations were made 
as to the direction and force of prevailing winds during the period 
May to August, 1875, in order to determine a correction. The results 
deduced are given by the Lake Survey as probably correct within 
± 0.10 foot. 

From bench mark 2 at Gibraltar the Lake Survey ran two lines to 
bench mark 2 at Lakeport, Lake Huron ; the first, a double line in 1875 
with ordinary wye levels; the second, in 1877 by precise leveling. The 
results obtained in 1877 have been adopted, and the elevation of bench 
mark 2 at Lakeport is 590.86 ± 0.35 feet. Bench marks were established 
at Detroit and are given in the table of elevations appended. 

From Lakeport the elevations were carried by water level to bench 
mark 1 at Escanaba, an<l the elevation determined as 593.01 feet. 
Bench marks were also established at several other points, and are 
noted in the table of elevations. 

In transferring by water level. Lakes Huron and Michigan were 
assumed, for reasons given in the final report of United States Lake 
Survey,'^ to be level. In regard to this assumption it should be noted 
that, taking the twenty-five years — 1871-1895— the average of the 
monthly means for the two lakes shows Lake Michigan to be from 0.04 
to 0.11 foot above Lake Huron for the months September to January 



1 See Part II. 

'^Se© letter September 2, 1896; also " Water levels, Great Lakes," etc. 

3 Report United States Lake Survey, Professional Papers, Corps of Engineers, 
United States Army, No. 24, page 595 et seq. 

'^ Report United States Lake Survey, Professional Papers, Corps of Engineers, 
United States Army, No. 24, page 595 et seq. 
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inclusive; at about the same level for February; from 0.05 to 0.12 foot 
below from March to June inclusive, and at about the same level during 
July and August.^ 

LAKE MICHIGAN TO LAKE SUPERIOR. 

From bench mark I at Escanaba a double line of precise levels was 
run in 1877 to bench mark I at M.arquette. The resulting elevation of 
bench mark I is given as 609.93 ± 0.36 feet. From the bench mark at 
Marquette the elevation was carried by water levels, as on the other 
lakes, to several points about the lake and to St. Marys Eiver at Sault 
Ste. Marie. The transfer of elevations from Marquette to the canal at 
Sault Ste. Marie was made on the assumption that there was no slope 
in the river. This assumption is now known to be in error, and the 
slope, at the time the elevations were established, Jias been determined 
as 0.58 foot. (See "Water Levels of the Great Lakes," etc.) This cor- 
rection of — 0.58 foot applies to bench marks established about Sault 
Ste. Marie by the Lake Survey, and to all deductions for water levels, 
elevations, and planes of references made therefrom. 



aULF OF MEXICO TO LAKE MICHIGAN AT CHICAGO. 

In 1883 the Mississippi Eiver Commission continued its line of precise 
levels to Chicago, 111., and established bench marks. The results 
obtained are compared with the results of the Lake Survey at Mil- 
waukee by the following method : 

A bench mark designated B. M. No. 99 was established by the Missis- 
sippi River Commission levels on the stone freight depot of the Illinois 
Central Railroad at Chicago, with an elevation of 611.42 feet above 
Cairo datum. The mean level of the Gulf of Mexico at Biloxi, Miss., 
above Cairo datum is given at 21.26 feet. (This is to be taken as a pre- 
liminary value.) Hence, bench markNo. 99 at Chicago is 611.45 — 21.26, 
or 590.19 feet above mean Gulf level. 

The plane of reference for water levels, Lake Michigan, or observed 
high water of 1838 at Milwaukee, has been determined as at an eleva- 
tion of 584.34 feet above mean tide at Kew York City. (See " Water 
levels of the Great Lakes," etc.) 

The water levels observed on the United States engineers' gauge at 
Chicago are compared with the recorded observations at Milwaukee 
for the years 1892 to 1895, inclusive. The records are as follows : 



January . . . 
February - . 
March 

April 

May 

Jnne 

July 

Angnst — 
September . 
October ... 
November . 
December . 



1892. 



Chicago. 



-0.12 
.16 
.00 
.08 
.35 
.72 
.05 

1.06 
.79 
.54 
.34 
.08 



Milwan- 

JkvOa 



4.87 
4.68 
4.78 
4.72 
4.30 
3.85 
3.84 
3.76 
3.96 
4.20 
4.47 
4.74 



1893. 



Chicago. 



Mean. 



.41 



4.35 



0.05 

.09 

.17 

.48 

.88 

1.23 

1.35 

1.31 

1.01 

.73 

.34 

.16 



.65 



Milwau- 
kee. 



4.75 
4.61 
4.50 
4.04 
3.74 
3.41 
3.39 
3.56 
3.88 
4.02 
4.41 
4.48 



4.07 



1894. 



Chicago. 



0.21 

.29 

.42 

.74 

1.17 

1.35 

1.47 

1.33 

.95 

.66 

.49 

.20 



Milwau- 
kee. 



4.47 
4.44 

4.18 
4.03 
3.49 
3.33 
3.30 
3.38 
3.81 
4.02 
4.29 
4.64 



.77 I 



3.95 



1895. 



Chicago. 



-0.02 

- .10 

- .24 

- .02 
.07 
.08 
.02 

- .08 

- .28 

- .59 

- .84 

- .93 



Milwau- 
kee. 



4.82 
4.93 
4.96 
4.76 
4.60 
4.55 
4.66 
4.78 
5.05 
5.42 
5.64 
6.75 



— .24 



4.99 



Zero of United States engineers' gauge at Chicago below high water, 1838 : In 1892, 4.76 feet; in 1893, 
4.72 feet; in 1894, 4.72 feet; in 1895, 4.75 feet. 
Mean for the four years, 1892-1895. 4.74 feet. 



^See "Water levels of the Great Lakes/' etc., and diagram No. 3. 
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Taking the mean of the four years, the zero of the United States 
engineers' gauge at Ohicago is 4.74 feet below the high water of 1838, and 
its elevation is 684.34 — 4.74, or 679.60 feet above mean tide at New 
York City. From information furnished by Maj. William L. Marshall, 
Corps of Engineers, United States Army, at Chicago, the zero of the 
gauge is 11.622 feet below bench mark No. 99. Hence bench mark No. 99 
is 679.60 +11.622, or 691.222 feet above mean tide at New York City. 
The comparison, therefore, is: 

Feet 

Bench mark No. 99, Chicago, by Lake Survey, ahove mean tide at New York. 591.22 
Bench mark No. 99, Chicago, by Mississippi River Commission, above mean 
level. Gulf of Mexico T 590.19 

, GULF OF MEXICO TO LAKE SUPERIOR AT DULUTH. 

The line of precise levels by the Mississippi Eiver Commission was 
continued to St. Paul in 1891. A line was then run from Duluth, on 
Lake Superior, to St. Paul, connecting with the main line of levels 
there.^ 

A comparison of the elevations of bench mark I at Duluth, as estab- 
lished by the Lake Survey and by the Mississippi Eiver Commission, 
is made as follows: In a letter from Maj. Clinton B. Sears, Corps of 
Engineers, U. S. A., dated March 6, 1896, the low-water datum is 
described as 25.528 feet below bench mark I at Duluth, and the " High 
water of 1838,^' as used for plane of reference by the Lake Survey after 
1874, is given as 3.57 feet above the low-water datum; hence, bench 
mark I at Duluth is 25.53 — 3.57, or 21.96 feet above the plane of refer- 
ence, or " High water of 1838,'^ as established by the Lake Survey. 

The '<High water of 1838" is described (See "Water levels of Great 
Lakes," etc.) as being 5.17 feet below bench mark I at Marquette, or at 
an elevation of 609.93 — 6.17 = 604.76 feet. Bench mark I at Duluth is, 
therefore, at an elevation of 604.76 + 21.96 feet, or 626.72 feet above 
mean tide at New York City. 

From the line of precise levels by the Mississippi Eiver Commission, 
the elevation of bench mark I at Duluth is given as 647.09 feet above 
Cairo datum, and as Cairo datum is 21.26 feet (preliminary value) above 
mean Gulf level, bench mark I at Duluth is 647.09 — 21.26 feet, or 625.83 
feet above mean level of Gulf of Mexico.^ 

The comparison, therefore, is : 

Feet. 

Bench mark I at Duluth, by Lake Survey, above mean tide at New York 626. 72 

Bench mark I at Duluth, by Mississippi River Commission, above mean level 
Gulf of Mexico 625.83 

DISCUSSIONS OF DISCKEPANCEES. 

All the work of the Commission is based on the elevation of the 
Coast and Geodetic Survey bench mark on the gristmill at Greenbush, 
N. Y., which is taken as 14.73 feet above mean tide at Kew York City, 
as adopted by the Lake Survey and as used by the Coast and Geodetic 
Survey in their Champlain line. The Canadian levels have been 
reduced to correspond to this elevation. It will be useful to compare 
the determinations by different lines. 

The latest determination of the Greenbush bench mark (1894) by the 
Coast and Geodetic Survey is by methods of precision, and lowers the 
elevation by 1.08 feet. 

^ Report of Mississippi River Commission, 1891. 

3 Reports of Chief of Engineers, 1883, 1884, and 1885. Report of Mississippi River 
Commission, 1891. 
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Tlie lines of the Mississippi Eiver Commission from the Gulf of Mexico 
at Biloxi, Miss., to Lake Michigan at Chicago and to Lake Superior at 
Buluth, are by methods of precision. The reference to mean gulf level- 
is provisional, but it is not anticipated that it will be materially changed 
by the linal determination. 

The comparison heretofore made gives elevations at Chicago, referred 
tamean gulf level, as 1.03 feet lower than when referred to the plane of 
the Lake Survey. If the Lake Survey plane is corrected by the latest 
determination of the Greenbush bench mark, then the comparison is, 
1.03 — 1 .08 = — 0.05 foot, or elevations at Chicago are 0.05 foot higher, 
referred to mean gulf level. 

A second comparison may be made at Duluth. This is less direct as 
the Lake Survey determination involves two stretches of water levels, 
Chicago to Ewcanaba and Marquette to Duluth, aggregating 460 miles, 
and levels of precision between Escanab<i and Marquette, 105 miles; 
while the levels of precision of the Mississippi River Commission frora 
Chicago to Duluth extend, via Savanna and St. Paul, 585 miles. The 
comparison gives elevations at Duluth, referred to mean gulf level, as 
0.89 foot lower than when referred to the plane of the Lake Survey. If 
the plane of the Lake Survey is corrected by tlie latest determination of 
the Greenbush bench mark, then the comparison is 0.89 — 1.08 = — 0.19 
foot, or elevations at Duluth are 0.19 foot higher, referred to mean gulf 
level. 

Considering the two lines as originating at Chicago, the close at 
Duluth is, 1.03 — 0.89 =0.14 foot; or the water and land line of the Lake 
Survey gives an elevation of 0.14 foot less at Duluth than the land line 
of the Mississippi Eiver Commission. This is a remarkable result and 
precludes the possibility of serious error in the level of Lake Superior 
with respect to Lake Michigan. 

The comparison at Chicagp is to be considered as most valid, as it 
involves less length of line and fewer transfers between land and water 
lines. It appears that if the plane of the United States Lake Survey 
is lowered by 1.08 feet to correspond with the latest determination of 
the bench mark at Greenbush, the new elevation will be within 0.05 foot 
of the determination from gulf level at Chicago. 

The investigation of water levels (see ''Water Levels,'' etc. and Dia- 
gram No. 3) shows that Lake Michigan and Lake Huron stand at the 
same level for only three months of the average year. It so happens, 
however, that the water level comparison made by the Lake Survey is 
a fair mean for the twenty five years (1871-1^95) and no discrepancy 
appears in the relative level of Lakes Michigan and Huron as hereto- 
fore adopted. 

Between Lake Huron and Lake Erie, two lines of levels were run 
over a distance of 88 miles from Gibraltar to Lakeport ; the first in 1875 
by ordinary wye levels, the second in 1877 by levels of precision. These 
lines agree within 0.26 foot, and there is no reason to distrust the accu- 
racy of the determination by precise levels. 

Between Gibraltar and Port Colborne the determination by water 
levels is to be taken with caution. Mr. W. T. Blunt in his paper, 
"Effects of Gales on Lake Erie," has drawn attention to the unstable 
surface of this lake and the probability that the average level is actually 
higher at the easterly end than at the westerly. Any such condition 
would make the apparent elevation at Gibraltar higher than the actual 
with respect to Port Colborne. 

The Lake Survey in its water levels considered wind effects, and 
these appear to have been eliminated in the records used in the compar- 
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ison of 1875. In this connection it is interesting to note that the mean 
trading at Gibraltar for June and July, 1895, as furnished by the United 
States engineer office at Detroit, is 0.19 foot higher than the mean for 
the same period as recorded at Cleveland. 

Any final correction of the water levels of Lake Erie, if required, 
will probably reduce the adopted elevation at Gibraltar with respect 
to Port Oolborne. 

Between Lake Erie at Buffalo and Lake Ontario at Oswego the Lake 
Survey line by water level from Oswego to Port Dalhousie, ordinary 
wye levels along the Welland Canal and water levels from Port Col- 
borne to Buffalo, checks closely with the canal levels by Oswego Canal 
to Syracuse and Erie Canal thence to Buffalo, the discrepancy hehig 
only 0.01 foot. This is better than is to be expected from methods of 
precision. 

The work between Lake Ontario and the bench mark at Greenbush, 
S". Y., is far less satisfactory than any portion of the levels under con- 
sideration. Starting from Greenbush as a point of origin, Lake Ontario 
may be given four values by the several lines and combinations of lines. 
In the following comparisons the levels are also given from the lower 
miter sill of Lock No, 1 at Albany basin to the lower miter sill of the 
terminal lock at Oswego: 



1. By Erie and Oswesto Canal levels 

2. By Lake Survey, Line No.2 

3. By Lake Survey, Line No. 1 

4. By CoaHt and Geodetic Survey to Kouse Point and thence by department 

of railways and canals of Canada to Kingston 



Above bench 

mark at 
Groenbasb 



223 

222.82 

22L87 

222.17 



Difference 

of miter 

sills. 



243. 875 

243.SI 

242.86 

243.0415 



The Lake Survey lines make the miter sill at Albany basin lower by 
0.12 foot which accounts for the relative discrepancy in the second 
column. 

The Lake Survey adopted the mean of its two lines, or 222.34 feet 
for difference of bench mark and miter sill and 243.33 for difference in 
miter sills. 

If the canal line be regarded as having equal weight, the mean of the 
three Mohawk Valley lines would be 222.56, an increase in elevation at 
Oswego of 0.22 foot. 

Between Albany and Little Falls several bench marks have been 
identified as on the copings of the same locks as canal bench marks, and 
although these are not known to be identical, they probably do not dif- 
fer more than a few hundredths and may be used for an approximate 
.comparison. The following table gives the discrepancy of the two Lake 
Survey lines in relation to the canal line: 



No.2. 



Maximum discrepancy, Lock 28, 50 miles from Greenbush 

Discrepancy at Lock 36, 87 miles (last common B. il.) 

Discrepancy, miter sill, Oswego 



— .a6 

— .18 



No. 1. 



—0.92 
— .78 
—1.13 



Mean. 



—0.90 

— .67 

— .66 



The two Lake Survey lines check closely to Lock 28, wh^re they differ 
only 0.04 foot, but they have systematically diverged from the cans^ 
line until the mean discrepancy has reached 0.90 foot. The two lines 

H. Doc. 192 6 
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<5ontinue to check closely for 20 miles farther, with a differeuce of 0.13 
foot when they show a systematic divergence amoiuitiiig to 0.42 foot at 
Lock 36 and 0.95 foot at Oswego. Meantime, one of the lines (No. 2 
above) has very nearly come back to the canal elevation at Oswego 
i — 0.18) and the other has increased its discrepancy by 0.21 foot but 
has held more nearly parallel to the canal determination. 

The canal levels, Oswego to Syracuse, are part of a circuit closing 
with the Lake Survey at Buffalo, and are assumed to be correct. No 
material error should exist in the canal levels over the long reaches 
between Syracuse and Frankfort, 14 miles west of Lock 30, the last 
common bench mark. It may be assumed, therefore, that the canal 
levels are more nearly correct from the point at which the lines of the 
Lake Survey diverge. The following comparisons may be made: 

1. Mean of Lake Survey lines to Lock 28 and canal line thence to 
Oswego, 223 — 0.90 = 222.10 feet. 

2. Mean of Lake Survey lines to Lock 28 and mean of Lake Survey 
NTo. 1 and canal, thence to Oswego, 223 -J (0.90 +1.11) =222 feet. 

The first result lowers the adopted plane at Oswego by 0.24 foot and 
the second by 0.34 foot. 

The x)recise level line from Green bush to Lake Ohamplain gives the 
miter sill at Whitehall 0.3G foot lower than by canal levels. No reason 
appears for questioning the determination. Any effect of southerly 
winds on the water levels between Putnam Station and Eouse Point 
would give the Rouse Point elevation apparently too low. From 
Eouse Point to Kingston ordinary methods were used, but discrepan- 
•cies were eliminated by rerunning. The OhamplainSt. Lawrence 
<jhain of levels, as an individual line, would seem to be entitled to more 
<jonfidence than any one of the Mohawk Valley lines. 

These determinations may be compared as follows : 

CJombinefl line, Lake Survey and canal 222. 10 

pharaplain-St. Lawrence line 222. 17 

fjake Survey mean line — adopted value 222.34 

It wonld seem as if the Lake Survey determination had been taken 
too high. No sufficient reason appears for adopting a new value, and 
a final determination is not likely to greatly change the result. 

CONCLUSION, 

The foregoing discussion indicates the levels between Greenbush 
and Lake Ontario and through Lake Erie as the weakest links in the 
chain of levels extending by the Lakes from the Atlantic Ocean at 
Sandy Hook to the Gulf of Mexico at Biloxi. To give the line equal 
value throughout, levels of precision are required between Greenbush. 
and Lake Ontario and between Lake Ontario and Georgian Bay. 
Until final determinations are closed it will not be known how far 
results are apparent only, and how far they may be actual. 

Meantime, if the plane of reference adopted by the Lake Survey and 
as used in the investigations of the Deep Waterways Commission is 
lowered by an even foot, it will be 0.08 foot higher than the latest deter- 
mination of the Coast and Geodetic Survey at Greenbush, N. Y., 0.03 
foot higher than the determination of the Mississippi River Commission 
at Chicago, and 0.11 foot lower than the determination of the Missis- 
sippi River Commission at Duluth, and is as likely to be correct as any 
other value in advance of final results. 
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Part II. Special Discussions. 

MEAN LEVEL, GULF OF MEXICO. 

Mean level was established by observations at Biloxi, Miss., from 
June to September, 1882, '* which period is free from the efifects of the 
high northerly winds." According to the line of precise levels ^run by 
the Mississippi Kiver Commission in 188J from New Orleans to Biloxi, 
this mean level is 21.258 feet above Cairo datum. This value (21.26 
feet) is to be taken as provisional only. Cairo datum, as used by the 
Mississippi River Commission, is a plane 300 feet below ordinary low 
water of the Mississippi River at Cairo, or a stage corresponding to a 
reading of 9.10 feet above zero of gauge.^ 

As observe<l from September 7, 1881, to November 24, 1882, and con- 
nected by a line of precise levels by the Coast and Geodetic Survey in 
1886, from New Orleans to Biloxi, the mean level is 20.846 feet above 
Cairo datum.^ 

The mean stage of the gulf for sixti en lunations, September 8, 1891, 
to October 19, 1892, reads 3.353 feet above zero of the Port Eads gauge, 
and according to Mississippi River Commission precise levels of 1892 
and 1893, the zero of the Port Eads gauge is 17.733 feet above Cairo 
datum. Hence the mean gulf level at Port Eads, La. (mouth of the 
Mississippi River at South Pass), is 17.733 + 3.353, or 21.086 feet above 
Cairo datum.^ The three determinations compare as follows: 

Feet. 

1882, at Biloxi, Miss., by Mississippi River Commission 21. 258 

1881-82, at Biloxi, Miss., by Coast and Geodetic Survey 20. 846 

1891-92, at Port Eads, La., by Mississippi River Commission 21. 086 

The tirst result (21.258 feet) has been used as a provisioual value in 
reducing the levels of the Mississippi River Commission. Some uncer- 
tainty has attached to the value of these determinations owing to 
instability in the Mississippi delta. 

TIDES OF THE ST. LAWRENCE RIVER. 

From tidal observations made in 1882 at Quebec, Mr. R. Steckel 
determined approximately the mean level of the Gulf of St. Lawrence, 
and used that level as the datum i)lane for all elevations determined by 
him. The method employed was as follows : Assuming a tideless river, 
a slope was figured, and the water surface at Quebec (with 16 feet on 
the miter sill of old Lock No. 1 at Montreal) determined as 1.15 feet 
above mean gulf level. From the tidal observations it was determined 
" that when the tidal undulation passes opposite the ancient capital, it 
partakes already much more of the nature of a wave of translation than 
of that of oscillation, considering that on an average about ten-elevenths 
of its total amplitude are above the level which the river would assume 
if abstracted from tidal influence, or say the level of the tideless river, 
and only one-eleventh beloyr it."'^ 

Mr. Steckel's datum is 4.44 feet below that of the United States Lake 
Survey as used in these investigations and 5.52 feet below mean tide 
at Kew York according to the latest determination of the United States 
Coast and Geodetic Survey. 

^ Report Mississippi River Commission, 1883. 

« Report Coaat and Geodetic Survey, 1887, Appendix 9. 

3 Report Chief of Engineers, United States Army, 1894, page 2794 et seq. 

* Annual report of the minister of public works, Canada, 1890-91. 
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The foUowiDg record of the tides of the St. Lawrence Kiver is taken 
from a report by Mr. E. Steckel, engineer in charge of geodetic level- 
ing, and published in Eeport of the Minister of Public Works, Canada, 
1890-91. Two series are given : During a low- water season, October 12 
to November 10, 1887, and during a high-water season. May 4 to June 
3, 1888. 

The average depth of water on miter sill of old Lock l^o. 1 at Mon- 
treal during the tidal observations of 1887-88 at Quebec was as follows : 



October, 1887. 
May, 1888.... 



Depth on 

miter 

sill. 



Feet. 
16.40 
23 



Elevation. 



Mr. Steckel' 8 
datuni. 



Feet. 
27.94 
34.54 



Mean tide 

at 
New York. 



Feet, 
23. 5C 
30.10 



Low-water season. 



Miles. 





13.5 
37.6 
48.8 
54 
61.8 
60 
80.8 



Station. 



Quebec, Levis Graving Dock 

St. Nicholas 

Points Platon 

Grdndines 

St. Jean Des Cbaillons 

Batiscan 

Champlain 

Three Rivers 



Mean tide 

above St. 

Lawrence 

datum. 



Feet. 

6.987 

7.474 

9.539 

11.855 

13. 201 

15. 149 

16. 091 



Mean tide 

above mean 

tido at New 

York. 



Feet. 
2.546 
3. 033 
5.098 
7. 414 
8.760 
10.708 
n.660 



Mean am- 
plitude.' 



Feet. 

13.877 

13. 41$ 

11.766 

7.499 

5.333 

2.5.12 

1.887 

0.50-1.26 



High-water season. 



Miles. 





13.5 
37.6 

48.8 
64.0 
61.8 
69.0 
80.8 



Station. 



Quebec, Levis Graving Dock. 

St. Nicholas 

Pointe Platon 

Grondines 

St. Jean Des Ghaillons 

Batiscan 

Champlain , 

Three Rivera 



Mean tide 

above St. 

Lawrence 

datum. 



Feet. 
8.055 
10.352 
13.688 
18. 130 
19.900 
22. 529 
23. 750 



Mean tide 

above mean 

tide at New 

York. 



Feet. 

4.514 

5.011 

9.247 

13.589 

15.459 

18.088 

19. 309 



Mean am- 
plitude. 



Feet. 

13.270 

12.766 

10.438 

4.753 

2.980 

1.275 

.960 

0. 15-0. 68 



Maximum amplitude at Quebec: Feet. 

Low- water season 17, 688 

High-water season 16, 441 

Minimum amplitude at Quebec: 

Low-water season i 10, 949 

High-water season 10, 752 

These results (excepting that at Three Eivers) are deduced from 
observations of 114 tides, 57 during the low-water season, and 57 dur- 
ing high water. The results have been corrected for diurnal inequali- 
ties. A comparison of the tides at Quebec and those at Albany is given 
in Part I. 
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SAULT STE. MARIE. 

The plane of reference at Sault Ste. Marie lias been reduced 0,58 foot 
below that heretofore in use for reasons described in full in the paper 
on " Water levels for the Great Lakes and St. Lawrence River." This 
plane was originally established by the Lake Survey by water levels 
and assumed the St. Mary's River above the canal to be without slope. 

A line of precise levels had been carried from the canal to a gauge 
at Waiska Bay at the head of the St. Marys River, and the gauge read 
for ninety-six consecutive days in 1892. The average of these readings 
was compared with the average for the same period at Marquette. 
Thus by means of the water line and precise levels a complete connec- 
tion was made between the bench mark at Marquette and the bench 
mark on the coping of the lock at Sault Ste. Marie, and it was found 
that the latter bench mark had been taken 0.58 foot too high. 

In regard to this determination the following extract is from a letter 
by Lieut. J. B. Oavanaugh, United States engineer office, Detroit, under 
date of August 19, 1896: ''I have to say that a thorough investigation 
has convinced me that your conclusions in reference to the matter are 
correct." 

CHICAGO CITY DATUM. 

This is of special interest as being the "low water of 1847," so often 
referred to as a reference plane in place of the high water of 1838, 
This plane was established by the trustees of the Illinois and Michigan 
Canal (opened in 1848) by a bench mark on the entrance lock at Bridge- 
port where the canal joined the Chicago River in the southwest i)ortion 
of the present city ol Chicago. Mr. Horace M. Singer, who was on the 
engineering staff of the canal during its construction, from 183G to 1848, 
and was subsequently superintendent of repairs, states that canal datum 
was in reality established in 1836, when construction was begun, and 
that the relation of this datum to the "low water of 1847" is merely a 
coincidence. This bench mark, however, was the origin of all bench 
marks for the city of. Chicago. It was destroyed in 1882, but previous 
thereto its elevation was transferred to the canal collector's office and 
to two auxiliary benches, one at the West Side Pumping Works and 
the other at the canal pumping station. 

The sanitary district precise levels start with the bench mark on the 
canal collector's office and extend down the Illinois Valley for 50 miles. 
When this was adopted in 1890-91, it checked with the bench mark at 
the West Side Pumping Works within 0.003 foot and with canal pump- 
ing works within 0.019 foot. The latter has doubtless suffered some 
settlement owing to the green masonry on which it was originally 
taken. This plane may therefore be considered as the original canal 
datum. 

The bench marks generally about Chicago are subject to many dis- 
crepancies, due in part to the unstable substrata of the city. Other 
than those above described, the most reliable are the group at the lake 
shore, at and near the Chicago Avenue Pumping Station, which have 
been checked on the bench mark on shaft of the crib, 2 miles from 
shore, by water levels determined by hook gauges through the water 
tunnels. Originally the crib bench was carried from the shore by 
spirit levels through the tunnel. The elevation was not checked from 
the West Side Pumping Works by hook gauges in 1878, as was done 
between the shore and the crib. 
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The bench marks at the Chicago Avenue Pumping Station were used 
by the Mississippi Eiver Commission in their line of precise levels as 
the determination of city datum and in comparison with Milwaukee 
for a connection with the plane of the Lake Survey. In this compari- 
son the gauge readings as taken inside the crib were given a constant 
correction due to the influx of water through the ports. This correc- 
tion is, however, very uncertain, owing to the variation in the volume 
of water pumped at different hours of the day and on different days of 
the week. The comparison herein made (see Part I) is free from the 
above error and is to be taken as a more reliable determination. 

It appears from this comparison (see Water Levels, etc.) that Chicago 
datum, or ''low water of 1847,^' corresponds to the mean of eight 
months, April to i^ovember, inclusive, of 1847, as observed by Dr. L 
A. Lapham at Milwaukee. 

The precise levels of the sanitary district of 1890-91 develops a dis- 
crepancy between the datum of the sanitary district as adopted from 
the original benches and Chicago datum as used at the crib and the 
Chicago Avenue Pumping Station and as adopted in the levels of the 
Mississippi Eiver Commission. This discrepancy at bench mark No. 
99, used in setting the United States engineers' gauge and in the Mil- 
waukee comparisons, is 0.048 foot. The mean discrepancy in eight 
bench marks common to the two lines is 0.049 foot. 

As the precise line of the sanitary district checked back on the orig- 
inal bench mark within 0.011 foot, this discrepancy (within allowable 
limits on precise levels) can not be ascribed to the leveling of 1890-91. 
Sanitary district datum and original city datum is, therefore, to be 
taken as 0.048 foot lower than the value heretofore used by the Missis- 
sippi Eiver Commission and by the United States engineers in harbor 
improvement, and as used in the comparisons made in the work of this 
Commission. 

The matter has been deemed worthy of extended comment on account 
of the new outlet proposed by the works of the sanitary district and 
further extension of a line of precise levels through the Illinois Valley. 

WELLAND CANAL. 

The miter sills and coping of the entrance locks of the Welland Canal 

are referred to mean level of Lakes Erie and Ontario for the years 18(»0- 

1875. The following information is furnished by Mr. Thomas Monro, 

. engineer Soulanges Canal, who was for many years upon the work of 

enlarging the Welland Canal: 

Feet. 

Miter siU, old lock, Port Dalhonsie, below mean level Lake Ootario, 1860-1875. 13.49 

Coping, old lock, Port Dalhousie, above mean level Lake Ontario, 1860-1875. . . 11. 44 

Miter sill, old lock, Port Colborue, below mean level Lake Erie, 1860-1875 12. 23 

Coping, old lock, Port Colborne, above mean lev<d Lake Erie, 18(»0-1875 8. 45 

Datum of Welland Canal survey above mean surface of Lake Ontario, 1860-1875 . 0. 05 

The elevations of the mean level of Lakes Erie and Ontario for the 
years 1860-1875 are as follows: 

Feet. 

Lake Ontario 246. 61 

Lake Erie 572.86 

The elevations of the new miter sills at the entrance locks are : 

Feet 

Lock No. 1, Port Dalhousie (246. 61 — 13.49 -f 2.92) 230.20 

Entrance lock, Port Colborne 557. 63 

Datum of Welland Canal survey is (246.61 + 0.05) 246.66 
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These elevations are all based on United States Lake Survey deter- 
mination of Bench Mark B, or zero of gauge at Port Dalhousie, and of 
bench mark on custom-house at Port Golborne. 

KINGSTON GAUGE COMPARISON. 

The following comparison is made to establish the zero of the gauge 
at the Kingston dry dock relative to the zero of United States engi- 
neers' gauge at Oswego. The record at Kingston is furnished by Mr. 
Thomas Monro, engineer Soulanges Canal. 



Month. 



January 

Februarj' 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Mean 

Difference . 



1891. 


1892. 


Oswego. 


Kingston. 
Feet. 


Oswego. 


Kingston. 


Feet. 


Feet. 


Feet. 


2.07 


1.23 


0.39 


0.02 


2.33 


1 30 


.36 


.12 


2.87 


1.86 


.49 


— .07 


3.35 


2.50 


1.07 


.02 


3.13 


2.43 


1.13 


.28 


2.71 


1.94 


1.69 


.84 


2.43 


1.75 


2.20 


1.47 


1.99 


1.32 


2.12 


1.39 


1.56 


.93 


1.92 


1.13 


.92 


.17 


1.48 


.62 


.32 


.19 


1.21 


.40 


.29 


-.36 


1.08 


.27 


2.00 


1.24 


1.26 


0.64 


»■ 


76 


0.' 


72 



1893. 




Oswego. 


Kingston. 


Feet. 




Feet. 


0.75 




0.16 


.64 




.20 


1 12 




.28 


1.87 




.61 


3.03 




1.50 


3.25 




2.34 


2.99 


2.26 


2.45 


1.64 


2.18 




1.30 


1.66 




1.10 


1.25 




.85 


1.10 




.33 



1894. 



Oswego. Kingston. 



1.86 



Feet. 
1.44 
1.62 
1.92 
1.97 
2. 15 
2.68 
2.48 
1.90 
1.39 
1.14 
.81 
.46 



Feet. 
0.43 
.67 

i.oe 

1.28 

1.38 

1.77 

1.6ft 

1.17 

.5» 

.35 

.14 

— .25 



1.05 



0.81 



1.66 



0.85 



0.81 



Mean of the four years, 0.77 ft. 

As the elevation of the zero of the Oswego gauges is 244,21 feet, the 
elevation of the zero of the Kingston gauge is 244.21 + 0.77, or 244.98. 
feet. 



Part III. — Kotablb Elevations — Planes of Eeference and- 

Bench Marks. 

The following elevations have been used in the work of the Commis- 
sion, and are assembled for convenient reference, as they are the prin- 
cipal planes for reference in considering questions pertaining to the. 
Great Lakes and the St. Lawrence and Hudson rivers. 

The plane to which all elevations are referred is that adopted by the 
Lake Survey, and corresponds to an elevation of 14.73 feet above mean 
tide at New York for the bench mark on the gristmill at Greenbush, K. T. 

This plane is 1.08 feet above average sea level at New York, by the 
last determination of the Greenbush bench mark by the Coast and 
Geodetic Survey, 1.03 feet above average Gulf level (preliminary 
value) as determined at Chicago from the level of the Mississippi Eiver 
Commission, and 0.89 foot above mean Gulf level as determined at 
Duluth. 
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LAKE SUPERIOB. 



Elevation. 



Stondard low .water 

Standard high water (Lake Survey plane of reference for water levels) 

Mean lake level, 1860-1896 

Mean lake level, 1871-1895 

I^lane of reference for harbor improvements ; low- water datum, 25.53 feet below bench 

mark No. 1 at Duluth 

Dulutb and Superior City datum (game as low- water datura) , 

Bench marks : 

No. I. Duluth (by Lake Survey levels) 

No. 1 . Marquette (1871), southeast corner of the top of the foundation stone of Grace 

furnace 

No. 2. Marquette (1874), cross on the wiudow sill of the Marquette city waterworks, 
north side center window, west side of building 



Feet. 
600. 69 
604 76 
601.69 
60L57 

60L 19 
60L19 

626. 72 

609.93 

609.43 



ST. MARYS RIVER. 



Standard low water: 

Above the locks 

Below the locks w 

Mean surface, 1871-1895: 

A bove the locks 

Below the locks 

Standard high water: 

Above t h e locks 

Below the locks 

Plane of reference for water levels: 

Above the locks 

Below the locks 

TJnited States canal datum (120 feet below bench mark 2 at Sault Ste. Marie) 

Plane of reference for United States Channel Improvements, selected so as to give 20 or 
21 teet navigation at a mean stage of water: 

20 feet in Hay Lake Channel, watpr at the locks 

21 feet in channel improvements, water above locks 



600.05 
58L68 

600.95 
583.27 

604.18 
586.71 

604.18 
-0.58 
485.29 



583. 79 
601. 29 



ST. MARY'S CANAL. 



American lock, 1881. 
American lock, 1897. 
Canadian lock, 1895 . 



Upper 
sill. 



Feet. 
583.96 
577. 79 
576.54 



Lower 
sill. 



Feet. 
566.96 
561. 42 
56L37 



Platform. 



Feet. 
567.46 
561. 79 



Floor. 



Feet. 
565.79 
560.29 
56L54 



Bench marks : 



Feet. 



No. 1. Sault Ste. Marie (1867), a cross on stone near Indian agency 588. 62 

No. 2. Sault Ste. Marie, on the coping of the south wall of the guard gates of St. Marys 
Canal 605.29 

The coping of the Canadian lock is the same as that of the American 
lock, viz, 605.29 feet. 

LAKES MICHIGAN AND HURON. 



Standard low water 

Sitandard high water (Lake Survey plane of reference for water levels ; observed high 

water of lH[i8).. ' 

Mean lake level : 

1860-1875 

18B0-1895 

1871-1835 

Plane of reference for Harbor Improvements : 

For Chicago and Calumet (plane 1 foot above Chicago city datum) 

Harbors on west side of lake (plane 4 feet below high water, 1838) 

Harbors on east side of lake (plane 3.06 feet below high water 1838, or mean lake 
level, 1860-1875) 

Chicago city datum (low water of 1847 ; see Part II) 

Illinois and Michigan Canal, and Chicago Sanitary and Ship Canal datum. (See 
Part II) 

Milwaukee citj-^ datum (low water of March, 1836) 

Bench marks : 

United States bench mark No. 99, Chicago (11,622 above Chicago city datum) 

Bench mark No. 1, on Dr. I. A. Laphanrs house at Milwaukee (now destroyed) 

Bench mark No. 5 (1876), Kilbourn gristmill, Milwaukee , 

Bench mark No. 2 (1875), cross on stone at Lakeport, Lake Huron 

Benchmark No. 1 (1874), at Escanaba, Lake Michigan 

Bench mark (1873) at Port Austin, Lake Huron 



Elevation. 



Feet. 
579.60 

584.34 

581.28 
581.26 
58L20 

580.60 
580.34 

581.28 
579.60 

579.55 
580.34 

59L22 
692. 67 
590.19 
590.86 
593.01 
690.53 
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ST. CLAIR RIVER. 

Plane of reference for channel improvements, selected so as to give^ 
21 feet in channel at foot of Lake Huron. 

The corresponding stage in Lake Huron is 581.17 feet. 

The standard high and low water of the St. Clair Kiver at Port Huron 
is obtained by deducting 1.33 feet (estimated value) from the elevations 
determined for Lake Huron. 

LAKE ST. CLA.TR. 



Standard low water (deduced from Detroit River) 

Standard high water (dednced from Detroit River) 

Mean lake level, 1871-1895 (deduced from Detroit River) 

Plane of reference for channel improvements corrreaponds to a atage of water in Lake 
St. Clair at an elevation of 



Elevation. 



Feet. 
574.26 
578.04 
575. 75 

575.44 



DETROIT RIVER. 



Standard low water (foot of Mount Elliott avenue, Detroit) 

High water (Lake Survey plane of reference for water levels) 

Mean level, 1860-1895 (foot Mount Elliott aveuae) deduced from Lake Erie 

Mean level, 1871-1895 (foot Mount Elliott avenue) deduced from Lake Erie 

Plane of reference for channel improvements is the equivalent of water levels in Lake 
Erie at the following elevations : 

Limekiln Crossing, 2U feet depth (Lake Erie surface) , 

Mouth of river, 21 feet depth (Lake Erie surface) 

Bench marks : 

United States hench mark. Detroit, 1871, at Detroit, on new light-house depot 

United Sta.tes bench mark, Detroit Junction (1877), Detroit, on Michigan Centr^ 
Railroad shop .' , 

Detroit city datum 



573.84 
577. 62 
575.42 
575.34 



572.08 
572.58 

584.78 
592.68 

480.30 



LAKE ERIE. 



Standard low water 

Standard high water (Lake Survey plane of reference for water levels) 

Mean lake level : 

1860-1875 ' 

1860-1895 

1871-1895 

Plane of reference for harbor improvements, mean lake level, 1860-1875 . 

Cleveland city datum (observed liigh water of 1838) 

Welland Canal, upper miter sill, entrance lock. Port Colboriio 

B-rie Canal, upper miter sill, guard lock, Black Rock 

Bench marks : 

Bench mark 2 (1875), at Gibraltar, on doorsill of light-house 

Bench mark on custom-house (1875), stone foundation of custom-house, Fort Colborne. 

Bench mark at Buffalo, on light-house 

Bench mark at Cleveland, on top of wall of Ohio Canal lock at junction canal and 
river 

Bench mark 1 (1873), Erie, Pa., on top of stone post 



571.35 
575.20 

572. 86 
572. 88 
572. 79 
572. 86 
575. 20 
557.63 
560.96 

584.97 
.584. 64 
589.81 

581.50 
575. 60 



NIAGARA RIVER. 



Plane of reference for channel and harbor improvements below Ship- 
lock at Black Kock is taken as 1.04 feet above standard low water as 
estimated for the Niagara River, and is the equivalent of mean water 
(1860-1875) for Lake Erie. 
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LAKE ONTARIO. 



Eleyation. 



I Feet. 

Standard low water ! 244. 53 

Standard high water (mean forMay.1870) 249.04 

Lake Survey plane of reference for water levels : 
Mean lake level — 

1860-1875 246.61 

1860-1895 246.48 

1871-1895 246.2ft 

Plane of reference, United States harbor improvemento, the zero of engineer's gauge at i 

Osweso I 244.21 

Plane or reference for Canadian harbor improvements, taken as the zero of Toronto har- 
bor commissioners' gauge (see water levels for the Great Lakes, etc.) a 245. 40 

Datum used in Welland Canal constractiun. 13.54 feet on miter sill, old lock. Port Dallionsie . 246. 6€r 

Lower miter sill, Lock 18, Erie Canal at Oswego I 237. 07 

Lower roiter sill, entrance lock, Welland Canal at Port Dalhousie 230. 20 

Lower miter sill, entrance lock, Rideau Canal, Kingston (approximate) 237. 81 

Bench marks : 

Bench mark A, Oswego i 251. 9ft 

Bench mark at Charlotte, on light-house 283.23 

Bench mark B, Port Dalhousie, same as zero of gauge 258. 05 

Benchmark 1 (1874; Sacketts Harbor, N. Y [ 252.02 

»^^^—^^—   —  —■■■■■ 11  ■■»  I  I   I   -■»■ — -.  -— I  , _■ , 

a In a letter dated September 2, 1896, Mr. Thomas Monro gives the elevation of the zero of this gauge 
as 245.36 deduced from a comparison of sixteen years, 1860-1875. 

ST. LAWRENCE RIVER. 

Standard low and high water and the miter sills for the several points 
between Lakes Ontario and Montreal are as follows: 



Ogdensburg, N. T 

Galops Canal : 

Old lock 27 

Old lock 25 

Rapide Plat Canal : 

Old lock 24 

Old lock 23 

Farruns Point Canal, old lock 22 

Cornwall Canal: 

Old lock 21 

New lock 15 

Valleyfield, Province of Quebec, lock 14 

Melocheville, lock 6 

Lachine, old lock 5 

Montreal, old lock 1 



Standard 

low 

water. 


Standard 

high 

water. 


Feet. 
244.28 

243.46 
228. 01 

224.61 
212. 81 
201. 72 

201. 13 

153.99 

153. 60 

70.00 

67.80 

23.10 


Feet. 
248. 57 

247.82 
234. 19 


2i8. 40 
204.60 


157.28 
155.94 




35.78 



Plane of 
reference. 



Feet. 
a 245. 33 

h 235. 15 
& 218. 62 

& 217. 33 
& 205. 82 
6193.77 

h 192. 53 

6139.28 

6 142. 52 

6 60.83 

668.3» 

67.1(X 



a Zero of gauge. 



6Miter8iU. 



The standard planes are also referred to the following points: 



Lake Ontario, Kingston, sill of Graving Dock 

Galops Canal, upper entrance, new sill 

Rapide Plat Canal : 

Upper entrance, new sill 

Lower entrance, new sill 

Cornwall Canal, upper entrance, new sill 

Soulanges Canal : 

Upper entrance, new sill 

Lower, entrance, new sill 

Lachine Canal, upper entrance, new sill «.. 



Reading, 

standard 

low 

water. 



16.33 
14.75 

16.18 
15. 93 
15.02 

16.18 
16.18 
14.46 



Plane of 
reference. 



229.2a 
228.71 

209.88 
196.88 
186. 11 

137.32 
63.82 
63.34 
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Plane of reference for channel and harbor improvements near Ogd ens- 
burg is taken as the zero of the Ogdensburg gauge. The elevation is 
245.33 feet. 

Plane of reference from Ogdensburg to Montreal is taken as the miter 
sills of the several locks. 

Plane of reference used by the harbor commissioners at Montreal is 
the water surface having a depth of 16.33 feet on the miter sill of old 
Lock No. 1. 

Plane of reference or low water at Quebec has been determined by Mr. 
E. Steckel, 0. E., and the following elevations are given : 

Feet. 

Low water — 6. 11 

Zero of harbor commissioners' gsknge at Levis Graving dock — 13. 06 

LAKE CHAMPLAIir. 



Elevation. 



Standard low water 

Standard high water (May 4, 1869) 

Mean lake level (1871-1895) 

Mean lake level (1871-1882), by Coast and Geodetic Survey 

Plane ot reference of harbor irnprovenients ; low water taken as the zero of the engineer's 
gauge at Fort Montgomery 



Feet. 

95.03 

103. 78 

97.20 

97.17 

94.53 



LAKE CHAMPLAIN AND RICHELIEU RIVER. 



International bench mark on Chapman Block, Rouses Point 

Lower miter aill, Lock No. 23, Champlain Canal (Coast and Geodetic Survey) at White 

hall : 

Upper miter sill, Lock No. 1, Chambly Canal 

Coping, Lock No. 1, Chambly Canal 

Lower'miter sill, Lock No. 9, Chambly Canal at Chambly Basin 

Lower miter sill of St. On rs Lock, Richelieu River " 

Coping, St. Ours Lock, Richelieu River 



110.06 

85. 92 
87.41 
102. 64 
l:{.58 
H.22 
33. 6» 



HUDSON RIVER. 



Standard low water, mean low tide, Albany basin 

Erie Canal datum, mean low water .' 

Miter sill of Lock No. 1 at Albany 

Bench mark on gristmill at Greenbnsh, N. Y 



1.30 
1.30 
— 6.14^ 
14. 726 



Part IV. — Reference Planes and Depths for Harbor ani> 

Channel Improvements. 

The following notes give the planes of reference to which depths are 
referred in the improvements of the harbors and channels of the Great 
Lakes, the St. Lawrence and the Hudson rivers; the depths of the 
several harbors and channels below these reference planes, and also 
the depths referred to standard low water. 

The relative depth available in harbors and channels is properly 
expressed at standard low water, as this is so deduced as to have an 
equivalent value for all the bodies of water considered. 

It will be seen that there are diverse planes of reference in use, some 
lakes having as many as three, or a separate plane for each harbor 
district, while main ship channels are variously referred in different 
localities. 

These notes are made up from the latest official reports. The depths 
given have not been secured in all cases, but represent the adopted 
project in accordance with which work has been or is being carried on. 
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LAKE SUPERIOR. 



United States harbors. 

[Plane of refereDce, low water datum, 3.57 feet below Lake Survey plane of reference, or aBBumed 

high water of 1838.] 



Dalntb, Minn 

Superior Bay, Minn 

Agate Bay, Minn 

Grand Marais, Minn 

Asbland, Wis 

Ontonagon, Micb , 

Eagle Harbor, Mich 

Marquette, Micb 

Grand Marais (harbor of refuge) 

Waterway from Keweenaw Bay to Lake Superior, Mich 



Depth be- 


Depth be- 


low plane 


low stand- 


of refer- 


ard low 


ence. 


water. 


Feet. 


Feet. 


16 


15.50 


16 


15.50 


(a) 




16 


15.50 


17 


16.50 


12 


11.50 


14 


13.50 


515 


14.50 


bl5i 


15 


16 


15.5 



a Ample depth. b Approximate. 

CanaMan harbors. 

[Plane of reference, taken the same as for the United States harbors.] 



Port Arthur, Ontario 

Kaministiquia River, Ontario. 




15.5 
15.5 



LAKES MICHIGAN AND HURON. 
JTnited States harbors. 

[Plane of reference, mean lake level (1860-1875), 3.06 feet below high water, 1838, as observed at 

Milwaukee.] 



Black River, Port Huron 

Sand Beach (harbor of refuge) 

Cheboy isan, Mich 

Charievoix, Mich 

Frankfort, Mich 

Manistee, Mich 

Ludington, Mich 

Pentwater, Mich 

White Lake, Mich 

Muskegon. Mich 

Holland, Mich 

Saugatuck, Mich 

South Haven, Mich 

St. Joseph, Mich 

Grand Haven, Mich 

Michigan City, Ind. (inner harbor) 

Alpena, Mich 

Saginaw River, Bay City, Mich 

Saginaw River, Bay City to Saginaw, Mich 

Ausabie, Mich 

Petoskey, Mich 

Portage Lake (harbor of refuge), Mich 



16 


14.32 


21 


19.32 


18 


16.32 


12 


10.32 


12 


10.32 


15 


13.32 


13 


11.32 


12 


10.32 


12 


10.32 


14 


12.32 


12 


10.32 


12 


10.32 


12 


10.32 


16 


14.32 


9-U 


17. 3a-12. 32 


a 13 


n.32 


16 


14. 32 


14 


12.32 


12 


10.32 


10 


8.32 


a 12. 5 


10.82 


18 


16.32 



[Plane of reference, Milwaukee city datum, or 4 feet below high water of 1838, as observed at Milwaukee.] 



Milwaukee, Wis 

Racine, Wis 

Greenbay, Wis 

Menominee, Wis. and Mich : 

Sheboygan, Wis 

Manitewoc, Wis 

Kenosha, Wis 

Kewaunee, Wis 

Cedar River, Mich 

Sturgeon Bay and Lake Michigan Canal, Wis 

Harbor of Refuge, Wis 

a Approximate. 



18 


17.26 


16 


15.26 


16 


15.26 


16 


15.26 


a 18-14 


17. 26-13. 26 


a 18-14 


17. 26-13. 26 


15 


14.26 


14 


13.26 


14 


13.26 


13 


12.26 


a 16 


15.26 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



93 



LAKES MICHIGAN AND HURON— Continued. 

United States harbors— Contmued. 
[Plane of reference, Milwaukee city datum, or 4feet below high water of 1838, ae observed at Milwaukee.] 



Manistiqne, Mich 

Ahnapee, Wis 

Two Kivers, Wis 

Port Washington, Wis 

Waukeean, 111 

Pensaukee, Wis 

Oconto, Wis 



Depth be- 


Depth be- 


low plane 


low stand- 


of refer- 


ard low 


ence. 


water. 


Feet. 


Feet. 


s 12 


11.26 


' 12 


11.26 


12 


11.26 


12 


11.26 


12 


11.26 


10 


9.26 


8 


7.26 



[Plane of reference, 1 foot above Chicago city datum, or 3.74 feet below high water of 1838, as observed 

at Milwaukee.] 



Chicago, HI. 




15 



The harbor ofrefage has a depth of from 18 to 32 feet, the greatest 
part of the outer harbor 16 feet, and river entrance 18 feet. 

The Chicago River or harbor proper is maintained by the city and 
the limiting depth is determined by the crown of the three tunnels, 
which are given by the assistant city engineer as follows : 



Main River, La Salle street at center 
South branch, Washington street. ... 

South branch, Van Buren street 

Calumet, 111 



Below 


Below 


plane of 


standard 


reference. 


low water. 


Feet. 


Feet. 


18.5 


17.5 


18 


17 


19 


18 


16 


15 



Canadian harbors. 

[Plane of reference, low water, taken as equivalent to 14 feet on miter still of Entrance Lock at Port 

Colbome, Lake Erie, or 0.28 foot above standard low water.] 



Heaford 

Port Albert 

Thorn bury 

Owen Sound, Georgian Bay 

Colling wood, Georgian Bay 

G-oderich, Georgian Bay 

Clappurton, North Channel 

Little Current, Dorth Channel. 

Mt. Innis Bank 

Southampton 

Xincanliue 

Port Elgin 

Lions Head 

Midland 

Penetauguishene 

Dyers Bay 



Depth 

below 

plane of 

reference. 



Feet. 



14 



14 
16 
16 
18 
18 
13 
13 



10 
15 



Depth 

below 

standard 

low water. 



Feet. 
13.72 



13.72 
l.*). 72 
15.72 
17.72 
17.72 
12.72 
12."72 



9.72 
14.72 



94 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



LAKE ERIE. 
United States harbors. 
[Plane ol' reference, mean lake level (1860-1875), or 2.84 feet below high water 1838.] 



Cleveland, Ohio 

Toledo, Ohio 

Sandusky, Ohio 

Ashtabula, Ohio 

Huron, Ohio 

Black River, Ohio 

Fairport, Ohio 

Coniieaiit, Ohio 

Port Clinton, Ohio — 

Monroe, Mich 

Vermillion, Ohio 

Sandusky Kiver, Ohio 

Erie, Pa 

Dunkirk, N.Y 

Buffalo, N.Y 



Depth be- 


Depth be- 


low plane 


low stand- 


of refer- 


ard low 


ence. 


water. 


Feet. 


Feet. 


a 16 


14.49 


17 


15.49 


17 


15.49 


a 20 


18.49 


a 17 


15.49 


a 18 


16.49 


a 18-15 


16.49-13.49 


a 17-11 


15.49- 9.49 


10 


8.49 


10 


8.49 


12 


10.49 


9 


7.49 


18 


16.49 


13 


11.49 


a 19 


17.49 



a Approximate. 

Canadian harbors. 

[Plane of reference, low water, taken as 14 feet on miter sill of entrance lock at Port Colbome, or 0.28 

foot above standard low water.] 



Kingsville . . 
I*ort Rowan . 



Port Stanley 

Port Dover 

Port Maitland 

Rondeau (harbor of refuge) 



12 



12 



11.72 



11.72 



LAKE ONTARIO. 

United States harbors. 

[Plane ot reference, extreme low water, taken as the zero of engineer's gauge at Oswego.] 



Oswego, N. Y 

Charlotte, N.Y 

Sacketts Harbor, N. Y. , 
Little Sodus Bay, N. Y 
Great Sodus Bay, N.Y. 
Pultney ville, N.' Y 



15 


15.32 


16 


16.32 


10 


10.32 


15 


15.32 


16 


16.32 


10 


10.32 



[Plane of reference, mean lake level (probably from 1860-1875), or 2.43 feet below Lake Survey plane 

of reference.] 



Wilson, N.Y 

Olcott, N.Y 

Oak Orchard, N. Y 




9.92 
U.i2 
1L42 



Canadian harbors. 



[Plane of reference, low water, taken as zero of harbor commissioner's gauge at Toronto. This plane 
may not be absolutely correct for the entire lake, but is taken as approximately correct.] 



Trenton 

Toronto 

Kingston Graving Dock 

Kingston 

Bowman ville , 

Newcastle 

Port Hope 

Napanee 

BdlevlUe 

Coboorg 

a Approximate. 



10 


9.13 


16 


15.13 


16 


15.13 


all 


10.13 


14 


18.13 


14 


13.13 


12 


11.13 


10 


9.13 


11 


10.13 


12 


U.18 
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LAKE ONTAKIO— Continued. 

Oanadian harbors — Contiuaed. 

{Plane of reference, low water, taken as zero of harb(fr coniinissioner's gauge at Toronto. This plane 
may not be absolutely correct for the entire lake, but is taken as approximately correct.] 



Depth be- 
low plane 
of refer- 
ence. 



Northport 

Bath 

Wolfe Island, head St. Lawrence River. 

Gananoque, St. Lawrence River 

Picton 

Port Credit 

Whitby , 

Hamilton or Burlington Bay Channel... 

Pickering 

Oakville 



Feet 



9 

7 
8 

12 , 
10 

10 I 
12 I 

14 I 

11  
12 



Depth be- 
low stand- 
ard low 
water. 

F.et. 
8.13 
6.13 
7.13 
11.13 
9.13 
9.13 
11.13 
13.13 
10. 13 
11.13 



LAKE CHAM PLAIN. 

{Plane of reference, extreme low water, taken as the ztTo of United States Engineers' gauge at Fort 

Montgomery.] 



Plattsburg, N. Y 

Oreat Chazy River, N. T 

Ticonderoga, N. Y 

Burlington, Vt 

Otter Creek, N. Y 

Narrows of Lake Champlain, New York and Vermont 







8 


8.30 


5 


5.50 


8 


8.50 


8 


8.50 


8 


8.60 


12 


12.50 



CHANNEL IMPROVEMENTS. 
ST. MARYS RIVER. 



Above the locks 

New Hay Lake Channel. 



Elevation 
of plane of 
reference. 



ST. CLAIR RIVER. 



Feet. 
60L29 
583. 79 



Depth be- I Depth be- 
low plane low stand- 
of refer- ard low 
ence. water. 




Feet. 
19.76 
17.89 



At foot of Lake Huron 

Belle River, Marine City, Mich, (harbor). 
Pine River at St. Clair, Mich, (harbor) . . 



581. 17 



21 
10 
10 



19.43 
8.67 
8.67 



LAKE ST. CLAIR. 



Ship channel and canal 

Clinton River, Mich, (harbor). 



575.44 



20 
10 



18.82 
8.82 



DETROIT RIVBR. 



Limekiln Crossing 
At mouth of river . 




19.27 
19.77 



CANADIAN HARBORS. 
[Plane of reference, same as by the United State* at Limekilns.] 



Anderson .... 
Amherstbnrg. 



12 
16 



n.27 
15.27 



NIAGARA RIVER. 
[Plane of reference, taken aa 1.04 feet above the estimated plane of standard low water.] 



BufEiedo to Tonawanda. . . 
Tonawanda to Port Day. 
Tonawanda Harbor 



566.16 



18 

12 

16-18 



16.96 

10.96 

14.96-16.96 
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UPPBR^ST. LAWRENCE. 
[Plane of reference taken as the zero of the Ogdensbnrg gange.] 



Channel, Lake Ontario to Oedensbnrg 

Ogdensbarg Harbor, New York 

Waddington Harbor, New York 



Elevation 
of plane of 
reference. 



Feet. 



Depth be- 
low plane 
of refer- 
ence. 



Feet. 
18 

16.5 
12 



Depth b«- 
iow stand- 
ard low 
water. 



CANADIAN HAKfiOBS. 
[Plane of reference, low water, estimated as 1.50 feet below standard low water.] 



Feet. 
10. «& 
16. i5 
10. «5 



Chateangay Basin, Lake St. Louis. 
Dorval 



8 

7 



9.50 
8.50 



LOWER ST. LAWRENCE. 
[Plane of reference, low water, 16.33 feet on miter sill of old lock No. 1, Montreal.] 

The harbor improvements at Montreal appear to have lowered the 
water about 1 foot with respect to the stage below, or the present 
equivalent of 16.^ feet on the gauge is about 15.33 feet. 



Montreal Harbor 

Channel improvement, St. Peters Flats. 



Depth below 
plane of ref- 
erence. 



Feet. 
27.50 
27.60 



Depth below 

standard 

low water. 



Feet. 
27.17 
a 27. 17 



a A pprozimate. 

HUDSON RIVER. 

[Plane of reference, mean low tide, or standard low water elevation is 1.30 feet at Albany. Chaimel 
improvements, from Troy Dam to Hudson Cit^". 12 feet below standard low water.] 



Canals. 



SanltSte. Marie: 

American, 1881 . 

American, 1887 . 

Canadian, 1895 . 
Welland : 

Port Colbome.. 

PortDalhousie. 
St. Lawrence canals ; 

Galops 



Rapide Plat 
Cornwall .. 



Soalanges. 
Lachine... 



Erie and Oswego 

Champlain 

Cham bly 

St. Ours Lock 

Rideaa-Trent, navigation 



Depths. 



Nominal. 



FeeU 



16 
21 
21 

14 
14 

a 14 
14 

14 

14 

14 

7 
6 
7 
7 
5 



At stand- 
ard low 
water. 



Feet. 
14.22 
19.89 
20.14 

13.72 
14.33 



Dimension of look. 



} 



14.75 

15.18 

15.93 

15.02 \ 

14.71 / 

16.18 

16.18 

14.46 

17.93 



} 



Feet. 

515 by 80 

800 by 100 

900 by 00 

270 by 45 

270 by 45 

270 by 46 

270 by 45 

270 by 45 

270 by 45 

110 and 220 by 18 

110 by 18 

118-125 by 22. 5-24 

200 by 45 

134 by 83 



Lower Ottawa navigation, from Ottawa to Jjachine, comprising the Greenville and Carillon canalk, 
and St. Annes Lock. Depth, 9 feet; dimensions of locks, 200 by 45 feet, 
a Present depth 9 feet, bat enlargement to 14 feet in progress. 



WATER LEVELS FOR THE GREAT LAKES AND ST. LAWRENCE 
RIVER FOR THE YEARS i860 TO 1895, INCLUSIVE.' 



Notes by Alex. E. Kastl, C. E, 



NOTES TO ACCOMPANY TABLES AND DIAGRAMS. 

Table No. 1— Lake Michigan at Milwaukee, Wis., 1860-1895. 

Table No. 2 — Lake Huron at Point Aux Barques, Port Austin, and Sand Beach, Mich., 

1860-1895. 
Table No. 3 — Lake Superior at Superior, Wis., and Marquette, MiQh., 1860-1^95. 
Table No. 4 — St. Marys River at Sault Ste. Marie, Mich., above the locks, 1871-1895. 
Table No. 5— St. Marys River at Sault Ste. Marie, Mich., below the locks, 1871-1895. 
Table No. 6— Detroit River at Light-house Depot, Detroit, Mich., 1867-1881. 
Table No. 7— Lake Erie at Cleveland, Ohio, 1860-1895. 
Table No. 8— Lake Erie at Erie, Pa., 1860-1895. 
Table No. 9— Lake Ontario at Oswego, N. Y., 1860-1895. 
Table No. 10— Lake Ontario at Charlotte, N. Y., 1860-1895. 

Table No. 11 — St. Lawrence River at Valleyfield, Province of QnebecJ 1860-1895. 
Table No. 12 — St. Lawrence River at Montreal, Province of Quebec, 1860-1895. 
Table No. 13— Lake Champlain at Fort Montgomery, N. Y., 1871-1895. 
Table No. 13tt — River Richelieu at St. Johns, Province of Quebec, 1863-1870. 
Table No. 14 — St. Lawrence River at Montreal, Province of Quebec, 18 0-1895. 
Table No. 15 — St. Lawrence River from Prescott to Montreal, provinces of Ontario 

and Quebec, for the years 1870 and 1895. 
Supplemental table — Water record for 1896. 

Diagrams No. 1 and No. la — Water levels for the Great Lakes and St. Lawrence River, 
Diagram No. 2 — Water levels and slopes — rivers connecting the lakes. 
Diagram No. 3 — Mean annual variation. 
Diagram No. 4 — Variation of annual means. 



INTRODUCTION. 

The following notes have been prepared to accompany the " Tables 
of water levels for the Great Lakes and St. Lawrence River,'' numbered 
from 1 to 15, and the diagrams in illustration of the same. 

The tables are compiled from official sources. Every effort has been 
made to make the record complete and reliable for the period of thirty- 
six years, from 1860 to 1895, inclusive, and to make sure that no errors 
have been introduced in the planes of reference. The notes give the 
authority for all data used. 

The tables are based on the monthly mean readings. The yearly 
means, the means of the months for the thirty-six years, 1860 to 1895, 

1 By Assistant Alex. E. Kastl, under the direction of L. E. Coole^, C. E., for the 
United States Deep Waterways Commission. 
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and for twenty-five years, 1871 to 1895, and the mean level for each 
period, are given. Certain deductions are made in regard to standard 
high water and standard low water, for the purpose of furnishing 
equivalent water planes throughout the lakes and St. Lawrence for the 
several profiles. The characteristic elements in the fluctuations of the 
period are also noted. 

All elevations given herein depend on the bench mark at Greenbush, 
N. Y., as determined by the Coast and Geodetic Survey and adopted by 
the Lake Survey in 1880. The elevation of this bench mark is taken 
at 14.73 feet above mean tide at New York City. 

The diagrams are designed to repeat the record graphically and show 
the annual fluctuations, the fluctuations in yearly means, and the curves 
of monthly means. A special diagram is compiled to show the varia- 
tion in slope through the St. Marys River between Lake Superior and 
Lake Huron, and through the St. Clair and Detroit rivers between 
Lake Huron and Lake Erie. 

The water levels from 1860 to 1871, for the several lakes, as kept by 
the United States Lake Survey, are not considered as reliable as those 
of subsequent years. The report of the Chief of Engineers, U. S. A., 
for 1876 states : 

Between 1860 and 1871 but little attention was paid to the checking of zeros and 
bench marks. Since 1871 it has been carefully attended to and levels run each year. 

The twenty-five year means cover the most authentic part of the 
record. 

LAKE MICHIGAN (TABLE NO. 1). 

The data for the table of monthly means of water levels for Lake 
Michigan at Milwaukee, Wis., were obtained as follows: From Janu- 
ary, 1860, to June, 1894, from the annual reports of the Chief of 
Engineers, U. S. A., 1876 to 1894, inclusive; from July, 1894, to Decem- 
ber, 1895, from manuscript furnished by Capt. George A. Zinn, Corps 
of Engineers, U. S. A., at Milwaukee, Wis. The table has been checked 
with the original record in the office of Captain Zinn. 

The plane of reference for the water levels is that adopted by the 
United States Lake Survey in 1876, and is the plane of the high water 
of July, 1838, as observed at Milwaukee. This plane of reference is 4 
eet above the Milwaukee city datum, which is the low water of March, 
1836. According to the United States Lake Survey,^ the plane of 
reference is 8.33 feet below the old bench mark (now destroyed) on Dr. 
I. A. Lapham's house. The elevation of this bench mark was 592.67 
feet^ above mean tide at New York City. The elevation of the plane 
of reference is, therefore, 592.67 — 8.33, or 584.34 feet above mean tide 
at New York City. The plane of reference has been referred to a num- 
ber of other bench marks in Milwaukee, which may be found in the 
reports of the Chief of Engineers, U. S. A., 1876 aod 1877. 

The plane of standard high water for Lake Michigan has been taken 
as the high water of July, 1838, that being the highest of which there 
is any record. Its elevation is 584.34 feet above mean tide at New 
York City. 

The plane of standard low water for Lake Michigan has been taken 
as the mean of the monthly mean water levels during the season of 
navigation in the year 1847, as observed at Milwaukee by Dr. I. A, 
Lapham. The following is the record. 

'■■'■^ n i»-. -^■^^■ ■■■■■■■- I— I. m n   >  w • m , .^ . , - ■■■m.. m .^ !■■■■■■ m ■■■■»^- - 

1 See Report of Chief of Engineers, U. S. A., 1876, part 3, pa^es 83 and 84. 
^See Final Report of United States Lake Survey, Professional Papers, Corps of 
Engineers, U. S. A., No. 24, page 617. 
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Milwaukee monthly meane of water levels below ^le plane of reference or high water of 

July, 18S8yfrom April to November, 1847, inelutive. 



Month. 



April . . 
May... 
June — 
July . . . , 
August 



Feet. 



5.19 
4.98 
4.57 
4.51 
4.56 



Month. 



September . 

October 

November . 

Mean 



Feet, 



4.45 

4.77 

1^ 



"TT 



The elevation of the plane of 8tandai:d low water ^, therefore, 

plane is 0.74 feet below Milwaukee city datum, and is the same as 
Chicago city datum ^nd the datum 'Of theIlli&ois<a»d Jid^ichigan Canal 
and of the Chicago Sapi^ry an4 Shijp Qan^V 

An examination of the table of monthly mieah bf water levels shows 
th^t -during thiB ipBTfod • of ; Ithicty^^isc yeard^ > fn^iii ld60t tot 189dy tnontltly 
mean water has gtood.ivt'or? belowrthi» .pliilnie an ^gregMe iof iei^teeUL 
months, counting all the months of le^esyiiy^r^prr to aggr^^gata^of 
ten months, counting the months of the season' of nayigatiotD,<whii^ 
excludes the months of January, February, and March of every yes^iri 
This statement is equally true for the period of twenty-five years, 18?3!1 
to 1895. The following is the record: 



Milwaukee monthly means of water levels at or below a plane 4.74 feet belotv the plane of 
reference or high water of July, 1838, during the period 18i0 to 18^5. 



Tear. 


Month. 


1 
Reading, i 


Tear. 


Month. 


Reading. 


1872 i T)e««inh«r .. 


Feet. 

1.82 


1895 


January 


Feet. 
4.82 


1873 


January ' 4.82 

February 4.78 

November 4.93 

December ' 4.99 ' 

January i 4.87 

March 4.78 ' 

December 4. 74 


1895 


February 


4.93 


1873 


1895 


March 


4.96 


1891 


1895 


April 


4.76 


1891 


1895 


Aufirust ........... 


4.78 


1892 


1895. 


September 

October 


5.05 


1892 


1895 


5.42 


1892 


1895 


November 


5.64 


1893 


January 


4.75 


1896 


December 


6.75 













The number of months is 18. The number of months, excluding 
January, February, and March, is 10. 

The above record has been prepared with a view of determining 
equivalent standard low-water planes for the other lakes. 

The mean surface of Lake Michigan for the period of thirty-six years 
from 1860 to 1895 is 3.08 feet below the plane of reference, or 581.26 
feet above mean tide at New York City; for the period of twenty-five 
years from 1871 to 1895 it is 3.14 feet below the plane of reference, or 
581.20 feet above mean tide at Kew York City. The mean surface as 
determined by the United States Lake Survey for the period of sixteen 
years from 1860 to 1875, is 581.28 feet above mean tide at New York 
City, and this is the generally accepted value. 

As regards annual variation, the lake is generally highest in the 
month of July and lowest in the month of December. 



^ It is found that canal datum differs slightly from the above. See Part II, *^ £le- 
▼ations for the Great Lakes/' etc.— L. E. C. 
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An examiuatioQ of the record for the period of thirty-six years from 
1860 to 1895 develops the following : 

Feet. 

RaD^e in mean annual variation 0. 98 

Mean annual range 1. 32 

Greatest annual range (in 1871) 2. 23 

Least annual range (in 1877) 57 

Highest monthly mean water, June, 1886 (below plane of reference) 1. 16 

Lowest monthly mean water, December, 1895 (below plane of reference) 5. 75 

Greatest range in monthly mean waters 1 4. 59 

Highest annual mean water, 1886 (below plane of reference) 1. 77 

Lowest annual mean water, 1895 (below plane of reference) 4. 99 

Greatest range in annual mean waters 3. 22 

LAKE HURON (TABLE NO. 2), 

The data for the table of monthly means of water levels for Lake 
Huron were obtained as follows: From January, 1860, to June, 1894, 
from the annual reports of the Chief of Engineers, U. S. A., 1876 to 
1894, inclusive; from July, 1894, to December, 1895, from table furnished 
by Lieut. J. B. Oavanaugh, Corps of Engineers, U. S. A., at Detroit, 
Mich. The table has beeu checked with the manuscript table for the 
period since 1871, and the discrepancies compared with the original 
record by Lieutenant Cavanaugh. A change has been made in the 
record of one month as published in the annual reports. 

For reasons given in the final report, of the United States Lake Sur- 
vey/ Lake Huron is assumed to be at the same level as Lake Michigan. 

Therefore the planes adopted are the same as those for Lake Michi- 
gan. They are as follows: 

Plane of reference, high water of July, 1838, 584.34 feet above mean 
tide at !N^ew York City. This is also the plane of standard high water. 
Standard low water, 579.60 feet above miean tide at ^ew York City. 

For the same reasons the mean surfaces of Lake Huron for different 
periods are assumed to be the same as those of Lake Michigan for the 
corresponding periods. They are as follows : 

For the period of thirty-six years, 1860 to 1895, 581.26 feet above mean 
tide at New York City. 

For the period of twenty-five years, 1871 to 1895, 681.20 feet above 
mean tide at New York City. 

For the period of sixteen years, 1860 to 1876, as determined by the 
United States Lake Survey, 581.28 feet above mean tide at New York 
City. 

As the plane of reference was transferred from Milwaukee on Lake 
Michigan to the stations, Point Aux Barques and Port Austin, Mich., on 
Lake Huron, and from Port Austin to Sand Beach, Mich., on Lake 
Huron, on the assumption that the lakes are level,^ the Lake Huron 
table of water levels simply serves as a check on the Lake Michigan 
table. 

For the period of twenty-five years, 1871 to 1895, it will be seen that 
the mean of the annual means is the same as that for Lake Michigan. 
For the period of thirty- six years, 1860 to 1895, the mean of the annual 
means differs by only 0.01 foot from that of Lake Michigan. It should 
be noted that from 1865 to 1870, inclusive, there was no record kept on 
Lake Huron, and for these years the Lake Michigan record was used. 
i ' 

^ See Professional Papers, Corps of Engineers, U. S. A., No. 24, pages 607 and 608. 
s^^i'^Ba.^ojits Chief of Engineers, 1876 and 1892. 



i 
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LAKE SUPERIOR (TABLE NO. 3). 

The data for the table of monthly means of water levels for Lake 
Superior at Superior, Wis., and Marquette, Mich., were obtained as 
follows : From January, 1860, to June, 1894, from the annual reports of 
the Chief of Engineers, U. S. A., 1876 to 1894, inclusive; from July, 1894, 
to December, 1895, from manuscript furnished by Maj. Clinton B. Sears, 
Corps of Engineers, U. S. A., at Duluth, Minn. The table has been 
checked with the original record in the office of Major Sears, and the 
record from July, 1882, to June, 1894, has been revised and is not the 
same as printed in the annual reports. 

The plane of reference for the water levels is that adopted by the 
United States Lake Survey in 1876, and is the plane of an assumed 
high water of 1838 found by comparing Lake Michigan and Lake Supe- 
rior water levels during the months of June, July, and August, 1874, 
and assuming that high water of 1838 was as much above the mean 
level of Lake Superior during these months as it was above the mean 
level of Lake Michigan during the same months.^ According to the 
United States Lake Survey^ the plane of reference is 5.17 feet below 
bench mark (1) and 4.67 feet below bench mark 2 at Marquette, Mich. 
The elevation of bench mark I is 609.93 feet,^ and of 2 609.43 feet above 
mean tide at Kew York City. The elevation of the plane of reference 
is 609.93—5.17 and 609.43—4.67, or 604.76 feet above mean tide at New 
York City. 

The plane of standard high water for Lake Superior has been taken 
as the assumed high water of 1838. It is higher than any recorded 
high water, but a comparison of the high water of 1876 for Lake Michi- 
gan and Lake Superior with that of July, 1838, for Lake Michigan, indi- 
cates that the standard high water adopted is a fair equivalent of the 
actual high water of 1838. The elevation of standard high water is 
604.76 feet above mean tide at New York City. 

The plane of standard low water for Lake Superior is equivalent to 
that for Lake Michigan, and is the plane at or below which monthly 
mean water has stood not more than an aggregate of ten months during 
the season of navigation out of the aggregate of eighteen lowest 
monthly mean waters occurring during the period of thirty-six years, 
1860 to 1895. The following is the record : 

Eighteen lowest monthly means of water levels helow the plane of reference of United States 

Lake Survey during the period 1860 to 1895. 



Year. 


1 
Month. Reading. 


Year. 


Month. 


Reading. 


1871 


: Feet. 

February 4. 45 

March 4.03 

March 4. 08 

April 4.18 

May 4.31 

June 4.08 

December 4. 12 

January 4.44 

February 4.48 

1 


1880 


March - ^ 


Feet. 
4.57 


1871 


1880 


April 


4.54 


1872 


1892'. 


Februarv . 


4.18 


1872 


1892 


March 


4.31 


1879 


1892 


April 


4.30 


1879 


1893 

1893 

1893 

1893 


Janiiarv 


4.22 


1879 


February 

March 


4 81 


1880 


4.26 


1880 


April. . 


4 16 









iSee Report of Chief of Engineers, U. S. A., 1876, part 3, p. 85. 
•^See Final Report of the United States Lake Survey, Professional Papers, Corps of 
Engineers, U. S. A., No. 24, p. 617. 
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The following are the lowest monthly means during the season of 
navigation, which excludes the months of January, February, and 
March: 



Tear. 


Month. 


Heading. 


Year. Month. 


Reading. 


1872 


April 


Feet. 
4,18 
4.31 
4.08 
4.12 


1880 

1892 


A pril 


Feet. 
4.54 


1879 


Ma V 


April 


4.30 


1879 


June 


1893 


April 


4.16 


1879 


December 















The reading 4.08 of June, 1879, is the highest plane in the series. 
The elevation of this plane is 004.76 '—4.08, or 600.68 feet above mean 
tide at 'New York City. The elevation of the plane of standard low 
water has been taken as 600.69 feet, which makes it exactly 0.5 foot 
below plane used for harbor improvements on Lake Superior and the 
city datum of Duluth, Minn., and Superior, Wis. 

The mean surface of Lake Superior for the period of thirty-six years, 
from 1860 to 1895, is 3.07 feet below the plane of reference, or 601.69 
feet above mean tide at New York City; for the period of twenty-five 
years, from 1871 to 1895, it is 3.19 feet below the plane of reference, or 
601.57 feet above mean tide at New York City. The mean surface as 
determined by the United States Lake Survey for the period of five 
years, from 1871 to 1875, is 601.78 feet above mean tide at New York 
City, and this is the generally accepted value. 

As regards annual variation, the lake is generally highest in the 
month of September and lowest in the month of March. 

An examination of the record for the period of thirty-six years, from 
1860 to 1895, develops the following: 

Feet. 

Range in mean annual variation 0. d9 

Mean annual range 1. 18 

Greatest annual range (in 1869) 2.67 

Least annual range (in 1891) : 0. 53 

Highest monthly mean water, September, 1869 (below plane of reference) 1. 13 

Lowest monthly mean water, March, 1880 (below plane of reference) 4. 57 

Greatest range in monthly mean water 3. 44 



Highest annual mean water, 1876 (below plane of reference) 2. 26 

Lowest annual mean water, 1879 (below plane of reference) 3. 89 

Greatest range in annual mean waters 1. 63 

ST. MARYS RIVER ABOVE THE LOCKS (TABLE NO. 4). 

The data for the table of monthly means of water levels for the St. 
Marys liiver above the locks at Sault Ste. Marie, Mich., were obtained 
as follows: From January, 1871, to June, 1894, from the annual reports 
of the Chief of Engineers, U. S. A., 1876 to 1894, inclusive; from July, 
1894, to December, 1895, inclusive, from table furnished by Lieut. J. B. 
Cavanaugh, Corps of Engineers, U. S. A., at Detroit, Mich. 

The plane of reference for the water levels is that adopted by the 
United States Lake Survey, and is the plane of an assumed high water 
of 1838 found by comparing the Sault Ste. Marie record with the Mil- 
waukee record during the months of June, July, and August, 1874, 
and assuming that high water of 1838 was as much above the mean 
level of the St. Marys Eiver at Sault Ste. Marie during these months 
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as it was above the mean level of Lake Michigan at Milwaukee daring 
the same months.^ According to the United States Lake Survey,^ the 
plane of reference is 1.11 feet below bench mark 2 on the coping of the 
south wall of the guard gates of St. Marys Canal. In the final report 
of the United States Lake Survey,'^ the elevation of bench mark 2 is given 
as 605.87 feet above mean tide at !N^ew York City. The elevation of the 
plane of reference would be 605.87 — 1.11, or 604.76 feet, which is the 
same as that of Lake Superior. 

It appears that when the elevations of the bench marks were deter- 
mined by the United States Lake Survey, no allowance was made for 
the slope in the St. Marys Kiver from Lake Superior to Sault Ste. Marie. 
In order to get the true elevations of the bench marks and plane of 
reference at Sault Ste. Marie, it becomes necessary to determine the 
mean slope in the St. Marys Eiver during the months of June, July, 
and August, 1874, when the comparison was, made between Lake Supe- 
rior at Marquette and St. Marys Kiver at Sault Ste. Marie, and this 
mean slope has been determined as follows: 

On page 3427, part 6, of the Report of the Chief of Engineers, U. S. 
A., for 1894, is given the elevation of the mean level of Lake Superior 
at Waiska Bay from June 6 to September 9, 1892, inclusive, as 601.826 
feet above mean tide at New York City, the elevation of the zero of the 
water gauge at Waiska Bay being determined by aline of precise levels 
from bench mark A, the elevation of which is given as 605.872 feet. 
From information furnished by Maj. Clinton B. Sears, Cori)s of Engi- 
neers, U. S. A., the mean reading of Lake Superior below the plane of 
reference at Marquette for the period June 6 to September 9, 1892, 
inclusive, was 3.51 feet, or 604.76 — 3.51 = 601.25 feet above mean tide 
at New York City. Combining the foregoing results, it api^ears that 
the mean slope in the St. Marys Eiver from Lake Sui)erior to above the 
locks at Sault Ste. Marie during the months of June, July, and August, 
1874, was 601.826 - 601.25, or 0.58 feet. Therfore it is assumed that 
the plane of reference of the United States Lake Survey at Sault Ste. 
Marie is 0.58 feet lower than that at Marquette. Now, the elevation 
of the plane of reference at Marquette being 604.76 feet, then the ele- 
vation of the plane ot reference at Sault Ste. Marie is 604.76 — 0.58, or 
604.18 feet above mean tide. All the elevations usually given at the St. 
Marys Falls Canal and vicinity are corrected by the arbitrary of —0.58 
feet. 

Th(*, plane of standard high water for the St. Marys River above the 
locks at Sault Ste. Marie has been taken the same as the plane of ref- 
erence. Its elevation is 604.18 feet above mean tide at New York City. 

The plane of standard low water for the St. Marys River above the 
locks at Sault Ste. Marie is equivalent to that for Lake Michigan, and 
is the plane at or below which monthly mean water has stood not more 
than an aggregate of ten months during the season of navigation out 
of the aggregate of nineteen lowest monthly mean waters occurring 
during the period of twenty-five years, 1871 to 1895. Although the 
Sault Ste. Marie record does not begin until January, 1871, it was 
deemed safe, for the purpose of deriving standard low water, to use the 
record as if it began in 1860, because the Lake Superior and Lake Mich- 
igan records do not show any monthly mean waiters lower than their 
standard low water previous to 1871. The following is the record. 

« 

' See Report of Chief of Eugineers, U. S. A., 1875, part 3, page 85. 
3 Professional Papers, Corps of Engineers, U. S. A., No. 24, page 618. 
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Nineteen lowest monthly means of water levels helow the plane of reference of United 

States Lake Surrey during thepe^'iod 1871 to 1895, 



Tear. 



1872 
1879 

1880 



Month. 



i Iteading. 



Year. 



March . . . 

April 

February . 
March ... 

April 

December 
January . 
February 
March — 
April 



Feet. 



13 
18 
34 
58 
45 
24 
43 
4.47 
4.56 
4.53 



, 1888 

' 1891 

, 1892 

'i 

I 1893 



Month. 



February 

April 

March ... 
February 
March ... 

April 

January . 
February 
March ... 



Reading. 



Feet. 
4.17 
4.13 
4.13 
4.30 
4.48 
4.33 
4.17 
4.37 
4.36. 



Properly, the above table should contain only eighteen months in 
order to make it correspond with that of Lake Michigan, but inasmuch 
as 4.13 would be the next reading to reject, and as there are three such 
readings, therefore nineteen readings make the nearest approximation. 

The following are the low est monthly means during the season of 
navigation which excludes the months of January, February, and 
March : 



Tear. 



1872. 
1879. 



Month. 



' Reading. 



Feet. 

April 4. 18 

April 4. 45 

December 4. 24 



Tear. 



1880 
1888 
1892 



Reading. 




The reading 4.13 of April, 1888, determines the plane of standard 
low water, and its elevation is 604.18 — 4.14, or 600.05 feet above mean 
tide at Kew York City. This plane is 16.09 feet above the upper miter 
sill of the American Canal lock of 1881; 22.20 feet above the upper 
miter sill of the American Canal lock of 1897, and 23.51 feet above the 
upper miter sill of the Canadian Canal lock of 1895. The depths on 
structures are deduced from data furnished by Lieut. J. B. Cavanaugh, 
Corps of Engineers, U. S. A., at Detroit, Mich., and Thomas Monro, 
engineer Soulanges Canal, Coteau Landing, Quebec. 

The mean surface of St. Marys River above the locks at Sault Ste. 
Marie for the period of twenty-five years, from 1871 to 1895, is 3.23 feet 
below the plane of reference, or 600.95 feet above mean tide at I^ew 
York City. 

A table giving elevations above mean tide at New York has been 
compiled by the United States engineer ofl&ce at Detroit, and is pub- 
lished in the annual reports of the Chief of Engineers, U. S. A. This 
table contains many minor variations from Table No. 4, most of which 
are within the limits of different methods of reduction. These varia- 
tions are both plus and minus, and six of them exceed 0.10, the largest 
being 0.22. None of the results given in the foregoing discussions are 
affected except the mean level, which would be 3.25 feet below the plane 
of reference in place of 3.23 feet. No explanation for the discrepancies 
has been found. 

ST. MARYS RIVER BELOW THE LOCKS (TABLE NO. 5). 

The data for the table of monthly means of water levels for the St. 
Marys Eiver below the locks at Sault Ste. Marie, Mich., were furnished 
by Lieut. J. B. Cavanaugh, Corps of Engineers, U. S. A., at Detroit, Mich. 
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This table agrees with the record as printed in the annual reports of the 
Chief of Engineers, U. S. A. 

The plane of reference for the water levels is a plane 0.58 foot below 
the plane of mean tide at New York City. On the original table the 
plane of reference was given as mean tide at New York City, but for 
reasons given under the head of *'St. Marys Kiver above the locks," all 
elevations usually given at the St. Marys Falls Canal are corrected by 
an arbitrary of — 0,58 foot. 

The plane of standard high water for the St. Marys River below the 
locks at Sault Ste. Marie has been determined by taking the standard 
high water (high water of July, 1838) of Lake Michigan, which is 584.34 
feet above mean tide at New York City, and adding thereto 2.37 feet, 
which was the mean slope in the St. Marys Kiver from below the locks 
to Lake Huron in August, 1876, when the waters of both Lake Superior 
and Lake Huron were siraultaneonsly the highest during the period, 
1860 to 1895, which appears to have been the case in 1838. An exami- 
nation of the tables of water levels will show that in the summer of 1876 
lakes Superior, Michigan, Huron, Erie, and Ontario were all high, and 
such was the case in the sunimer of 1838. Tlje elevation of standard 
high water is, therefore, 584.34.-f 2.37, or 586.71 feet above mean tide at 
New York City. 

The plane of standard low water for the St. Mary's Eiver below the 
locks at Sault Ste. Marie is equivalent to that for Lake Michigan, and 
is the plane at or below which monthly mean water has stood not more 
than an aggregate of ten months daring the season of navigation out 
of the aggregate of eighteen lowest monthly mean waters occurring 
during the period of twenty-five years, 1871 to 1895. The following is 
the recor<l : 

Eighteen loioest monthly means of water levels above a plane of reference 0.t58 foot below 

the plane of mean tide at New York City. 



Year. 


Mouth. 


Reading. Year. 


Afonth. 


Reading. 

Feet. 
.'i82. 11 


1891 


^November 


Feet. 
582. 35 
582.21 1 
581.79 1 
582. 04 i 


1893 


April 




December 


1891 


May 1 582.26 

April ' 582.39 


1892 


April 




Mfl.v . 


l«ft.»i 


April 


582.26 




N ovember 


5fi2.25 

581.81 
581. 99 
582. 05 


Mav 


582. 01 




December 


T ^ 

J line 


582. 28 


1893 


JflniiJirv 


.Tiilv 


582. 42 




February 


November 


582. 03 




March 


582. 16 




December 


581. 89 







The following are the ten lowest monthly means during the season 
of navigation which excludes the months of January, February, and 
March : 



Year. 


Month. 


Reading. 

i 


Year. ' Month. 

1 


Reading. 


1891 


December 


1 
Feet. 
582. 21 
581. 79 
582.04 I 
582. 25 
581. 81 


1893 April 


Feet. 
582. 11 


1892 


April 


, Mav 


582.26 




Mav 


1895 May 


582. 01 




November 


November 


582. 03 




December 


December 


581. 89 









The reading, 582.26, of May, 1893 (also of April, 1895), determines the 
plane of standard low water, and its elevation is 582,26—0.58, or 581,68 
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feet above mean tide at New York Oity. This plane is 14.22 feet above 
the lower platform and 14.72 feet above the lower miter sill of the Amer- 
ican Canal lock of 1891; 19.89 feet above the lower platform and 20.26 
feet above the lower miter sill of the American Canal lock of 1897, and 
20.14 feet above the floor and 20.31 feet above the lower miter sill of the 
Canadian Canal lock of 1895. The depth on strnctares are deduced 
from data furnished by Lieut. J. B. Cavanaugh, Corps of Engineers, at 
Detroit, and Thomas Monro, engineer Soulanges Canal, Coteau Landing, 
Quebec. 

The mean surface of St. Marys Eiver below the locks at Sault Ste. 
Marie for the period of twenty-five years, from 1871 to 1895, is 583.85 
—0.58, or 583.27 feet above mean tide at New York City. 

DETROIT RIVER, AT DETROIT, MICH. (TABLE NO. 6). 

The data for the table of monthly mean of water levels for the Detroit 
Eiver at the light-house depot, at foot of Mount Elliott avenue, Detroit, 
Mich., were obtained as follows: From May, 1867, to September, 1881, 
from the annual reports of the Chief of Engineers, U. S. A., 1870 to 
1882. 

The plane of reference for the water levels is that adopted by the 
United States Lake Survey in 1876, and is the plane of the high water 
of 1838.^ According to the United States Lake Survey,^ this plane is 
7.16 feet below the bench mark, U. S. B. M. Detroit (1871), on the new 
light-house depot at Detroit. The elevation of tliis bench mark ia 
584.78 feet^ above mean tide at New York City. The elevation of this 
bench mark was determined by a branch line of precise levels from the 
main line of precise levels between Lake Erie and Lake Huron.^ The 
elevation of the plane of reference is, therefore, 584.78 — 7.16, or 577.62 
feet above mean tide at ^ew York Citv. 

ft/ 

The plane of standard high water of the Detroit River at the foot of 
Mount Elliott avenue, Detroit, has been taken as the high water of 1838. 
Its elevation is 577.62 feet above mean tide at New York City. 

The plane of standard low water for the Detroit River at the foot of 
Mount Elliott avenue, Detroit, has been taken as equivalent to the 
standard low water for Lake Erie, and is equal to the standard low 
water for Lake Erie increased by the mean slope in the Detroit River 
from the foot of Mount Elliott avenue, Detroit, to Lake Erie during 
the months of June and July, 1895, when the mean level of Lake Erie 
was at about standard low water. The mean level of the Detroit River 
at foot of Mount Elliott avenue during the months of June and July, 
1895, was 574.10 feet* above mean tide at New York City; the mean 
level of Lake Erie during the same period was 571.61 feet. The mean 
slope is, therefore, 574.10 — 571.61, or 2.49 feet, and the elevation of 
standard low water at Detroit is 571.35 (standard low water for Lake 
Erie) -f 2.49, or 573.84 feet above mean tide at New York City. 

Standard low water for Lake St. Clair has been determined by adding 
to the standard low water for the Detroit River at foot of Mount Elliott 
avenue the mean slope^ in the Detroit River between the foot of Mount 



» See Report of Chief of Engineers, U. S. A., 1872, page 1069, and 1876, part 3, 
page 83. 

'^ See Final Report of United. States Lake Survey, Professional Papers, Corps of 
Engineers, U. S. A., Ko. 24, page 616. 

3 See Report of Cliief of Engineers, U. S. A., 1878, part 3, page 1409. 

^From letter of Lieut. J. fi. Cavanaugh, Corps of Engineers, U. S. A., Detroit, 
Mich., dated February 11, 1896. 
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Elliott avenae and Lake St. Clair during the months of June and July, 
1895. The elevation of standard low water for Lake 8t. Clair is, there- 
fore, 573.84 + 0.42, or 574.26 feet above mean tide at New York City. 

Tlie mean surface of the Detroit Eiver at the foot of Mount Elliott 
avenue for the period of fifteen years from 1867 to 1881 is 2.28 feet 
below the plane of reference, or 575.34 feet above mean tide at New York 
City. The mean surface for the period of thirty-six years from 1860 to 
1895 is equivalent to that of Lake Erie for the same period and is found 
by correcting the elevation of the mean surface of the Detroit Eiver for 
fifteen years by the difference between the elevations of the mean sur- 
face of Lake Erie for the periods of thirty-six years, 1860 to 1895, and 
fifteen years, 1867 to 1881. The correction is + 0.08 foot.^ Therefore, 
the elevation of the mean surface of the Detroit River at loot of Mount 
Elliott avenue for the period of thirty-six yearfe, 1860 to 1895, is 575.34 + 
0.08, or 575.42 feet above mean tide at Xew York City. The mean sur- 
face for the period of twenty-five years, deduced in a similar manner, 
is 575.34 — 0.01, or 575.33 feet above mean tide at Kew York City. 

LAKE ERIE (TABLES NOS. 7 AND 8). 

The data for the table of monthly means of water levels ibr Lake Erie 
at Cleveland, Ohio, were obtained as follows: From January, 1860, to 
June, 1894, from the annual reports of the Chief of Engineers, U. S. A., 
1876 to 1894, inclusive; from July, 1894, to December, 1895, from man- 
uscript furnished by Lieut. Col. »Jared A. Smith, Corps of Engineers, 
U. S. A., at Cleveland, Ohio. Tliis table has been checked with the 
original record in the office of Lieutenant Colonel Smith, by William 
T. Blunt, United States assistant engineer. 

The plane of reference tor the water levels is that adopted by the 
United States Lake Survey in 1876, and is the plane of the high water 
of 1838 as observed at Cleveland. According to the United States 
Lake Survey,^ the plane of reference is 6.30 feet below the bench mark on 
the top of the coping of the lock of the Ohio Canal between Merwin 
street and the Cuyahoga River. The elevation of this bench mark is 
581.50 feet.^ The elevation of the j)lane of reference is 581.50 — 6.30, or 
575.20 feet above mean tide at New York City. This plane corresponds 
to Cleveland city datum. 

The plane of standard high water for Lake Erie has been taken as 
the high water of 1838, that being the highest of which there is any 
record. Its elevation is 575.20 feet above mean tide at New York City.^ 

The plane of standard low water for Lake Erie is equivalent to that 
for Lake Michigan, and is the plane at or below which monthly mean 
water has stood not more than an aggregate of ten months during the 
season of navigation out of the aggregate of eighteen lowest monthly 
mean waters occurring during the period of thirty six years, 1860 to 
1895. The following is the record. 

^ See Report of Chief of Engineers, U. S. A., 1876, part 3, page 82. 

^ See Final Report of the United States Lake Survey, Professional Papers, Corps of 
Engineers, U. S. A., No. 24, page 615. 

■■^The higli water of June 19, 1858, the record of which has recently come to hand 
(Novemher 21^), is some 0.25 foot higher than in 1838. (See ''Water levels, etc., 
prior to 1860." )--L. E. C. 
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Eighteen lotvest monthly means of wate^' levels helow the plane of reference of United States 

, Lake Survey during the period 1860 to 1895, 



Tear. Month. 


Reading. 

Feet. 
4.07 
3.86 
3.85 


Year. 

i 


Month. 


Reading. 


1868 Febraarv 


1893 


Januarv 


Feet. 
3.94 


1872 March 


1895 


February 


3.86 


December 


Januarv 


3.88 


1873 January 


3.95 




February 


4.11 


; February 3.94 

March 3.87 ' 


March 


4.10 


1 


April 


3.85 


1891 November 


3.90 


October 


4.31 


1892 Febniarv 


4.01 
3.97 


November 


4.41 


March T 


December 


4.25 


1 









The following are the lowest monthly means during the season of navi- 
gation, which excludes the months of January, February, and March: 



Year. 



1872 
1891 
1895 



Month. 



Heading. 



1 Feet 

December j 3. 85 

November | 3.90 

April ; 3.85 



Year. 



Month. 



1895. 



October . . . 
November. 
December . 



Eeading. 



Feet. 
4.31 
4.41 
4.25 



The readings 3.85 of December, 1872, and April, 1895, determine the 
plane of standard low water, and its elevation is •575.20 — 3.85, or 571.35 
feet above mean tide at I^ew York City. This plane is 3.85 feet below 
Cleveland city datum ; 1.51 feet below the plane used for harbor improve- 
ments on Lake Erie; 13.72 feet above the upper miter sill of entrance 
lock of Welland Canal at Port Colborne, as given by Thomas Monro, 
engineer Soulanges Canal, and 10.39 feet above the upper miter sill of 
the guard lock of Erie Canal at Black Eock, as deduced from data by 
J. L. Little, division engineer, and George W. Eafter, special engineer, 
Erie Canal. 

The mean surface of Lake Erie for the period of thirty-six years, from 
1860 to 1895, is 2.32 feet below the plane of reference, or 572.88 feet 
above mean tide at Kew York City ; for the period of twenty-five years, 
from 1871 to 1895, it is 2.41 feet below the plane of reference, or 572.79 
feet. The mean surface as determined by the United States Lake Sur- 
vey for the period of sixteen years, from 1860 to 1875, is 572.86 feet, and 
this is the generally accepted value. 

As regards annual variation, the lake is generally highest in the 
month of June and lowest in the month of February. 

An examination of the record for the period of thirty-six years, from 
1860 to 1895, develops the following: 

Feet. 

Range mean annual variation 1. 22 

Mean annual range 1. 60 

Greatest annual range (1892) . . ^ 2. 28 

Least annual range (1895) 87 

Highest monthly mean water, June, 1876 (below plane of reference) 59 

Lowest monthly mean water, November, 1895 (below plane of reference) 4. 41 

Greatest range in monthly mean waters 3. 82 

Highest annual mean water, 1876 (below plane of reference) 1. 41 

Lowest annual mean water, 1895 (below plane of reference) 3. 94 

Greatest range in annual mean waters 2. 53 
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The data for the table of mouthly mean water levels for Lake Erie at 
Erie, Pa., were obtained from the same sources as those at Cleveland, 
Ohio, and the same has been checked with the original record by Mr. 
Blunt. Three errors in monthly means as printed in the annual reports 
have been corrected. 

LAKE ONTARIO (TABLES NOS. 9 AND 10). 

The data for the table of monthly means of water levels for Lake 
Ontario at Oswego, N. Y., were obtained as follows: From January, 
1860, to December, 1890, from manuscript furnished by Maj. W. S. 
Stanton, Corps of Engineers, U. S. A., at Oswego, K. Y. ; from January, 
I'^Ol, to June, 1894, from the annual reports of the Chief of Engineers, 
U. S. A., 1892 to 1894; from July, 1894, to December, 1895, from manu- 
script furnished by Major Stanton. That portion compiled from the 
published reports has been checked with the original record in the 
office of Major Stanton by William Pierson Judson, United States 
assistant engineer. 

The plane of reference for the water levels is that adopted by the 
United States engineer office at Oswego, and is the zero of the United 
States engineer gauge at Oswego. According to the United States 
Lake Survey,^ the elevation of the zero of the gauge is 244.21 feet 
above mean tide at New York City. 

The plane of standard high water for Lake Ontario has been taken 
as the monthly mean water of May, 1870, at Oswego, which is highest 
monthly mean water level during the period of thirty-six years 1860 
to 1895. This monthly mean water is 4.83 feet above the zero of the 
gauge. The elevation of standard high water is therefore 244.21+4.83, 
or 249.04 feet above mean tide at l^ew York City. 

The plane of standard low water for Lake Ontario is equivalent to 
that for Lake Michigan, and is the plane at or below which monthly 
mean water has stood not more than an aggregate of ten months dur- 
ing the season of navigation out of the aggregate of nineteen lowest 
monthly mean waters occurring during the period of thirty-six years, 
1860 to 1895. The following is the record : 



Nineteen lowest monthly mean water levels above the zero of the Oswego gauge during the 

period 1860 to 1895, 



Tear. 



1872 

1873 

1875 
1891 

1892 



Honth. 



February 

March ... 

December 

January . . 

February. 

March ... 

February. 

November 

December 

January.. 



Reading. 



Feet. 
0.39 
.23 
.23 
.19 
.26 
.38 
.26 
.32 
.29 
.39 



Year. 



1892. 
1895. 



Month. 



February. 

January... 

February.. 

March 

August ... 
September 
October . . . 
November 
December 



Beading. 



Feet. 
0.36 
.37 
.31 
.21 
.22 
.12 
.46 
.71 
.68 



r Properly the above table should contain only eighteen months in 
order to make it correspond with that of Lake Michigan, but inasmuch 
as the next reading to reject would be 0.39, and as there are two such 
readings, therefore it is immaterial whether eighteen or nineteen read- 
ings are used. 



1 See Final Report of United States Lake Survey, Professional Papers, Corps of 
Engineers, U. S. A., No. 24, page 609. 
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The following are the lowest monthly means during the season of 
navigation, which excludes the months of January, February, and 
March : 



1 

Year. . , Month. 

1 


Heading. 


Tear. 


Month. Reading. 


1872 


Deoember ......... 


Feet. 
0.23 
.32 
.29 

+ .22 


1895 


September 

October 


Feet. 
—0.12 


1891 


November 




.46 




December . ; 

Aumiat 


November ...... 


.71 


1895 


December ......... 


. .68 











The reading + 0.32 of Kovember, 1891, determines the plane of 
standard low water, and its elevation is 244.21 + 0.32, or 244.53 feet 
above mean tide at JN"ew York City. This plane is 0.32 foot above the 
zero of the United States engiueer water gauge at Oswego, N. Y.; 
14.33 feet above the lower miter sill of the entrance lock to the Welland 
Canal at Port Dalhousie, as given by Thomas Mouro, engineer Sou- 
langes Canal; 0.87 foot below the zero of the harbor commissioner's 
water gauge at Toronto, as deduced from data famished by E. H. 
Keating, city engineer; 0.32 foot above the plane used for United 
States harbor improvements for Lake Ontario, and 7.46 feet above the 
lower miter sill of Lock 18, of the Erie Canal at Oswego, as determined 
by William Pierson Jadson, C. E., for the Commission. 

The mean surface of Lake Ontario for the period of thirty-six years 
from 1860 to 1895 is 2.27 feet above the zero of the Oswego gauge, or 
246.48 feet above mean tide at New York City; for the period of twenty- 
five years from 1871 to 1895 it is 2.05 feet above the zero of the Oswego 
gauge, or 246.26 feet above mean tide at New York City. The mean 
surface as determined by the United States Lake Survey for the period 
of sixteen years from 1860 to 1875 is 246.61 feet, and this is the gen- 
erally accepted value. The United States Lake Survey result was 
obtained from the Charlotte water level record. 

As regards annual variation, the lake is generally highest in the month 
of June and lowest in the month of December. 

An examination of the record for the period of thirty-six years from 
1860 to 1895 develops the following: 

Feet 

Range in mean annual variation j 1. 45 

Mean annual range 2. 02 

Greatest annual range (1867) 3. 65 

Least annual range (1872) 1 

Highest monthly mean water (May, 1870 above zero of Oswego gauge) 4.83 

Lowest monthly mean water (November, 1895 below zero of Oswego gauge) . . .71 

Greatest range in monthly mean waters 5. 54 

Highest annual mean water (1862) 3.51 

Lowest annual mean water (1895) 17 

Greatest range in annual mean waters 3. 34 

The data for the table of monthly means of water levels for Lake 
Ontario at Charlotte, N, Y., were obtained as follows : From January, 
1860, to June, 1894, from the annual reports of the Chief of Engineers, 
U. S. A., 1876 to 1894, inclusive 5 from July, 1894, to December, 1895, 
from manuscript furnished by Major Stanton. The monthly mean 
readings from June, 1883, to June, 1894, inclusive, are 0.15 foot less than 
those given in the above-mentioned reports of the Chief of Engineers. 
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This correction was made because previous to June, 1883, the United 
States Lake Survey plane of reference is 249.04 feet above mean tide 
at New York City, and after and inchiding June, 1883, the United 
States engineer office at Oswego used a plane of reference which is 
249.19 feet above mean tide at New York City. The difference in ele- 
vation of these two planes is 0.15 foot. It was thought best to refer all 
the Charlotte readings to the plane of reference adopted by the United 
States Lake Survey in 1876.^ The monthly mean readings frOm July, 
1894, to December, 1895, were reduced to the United States Lake Sur- 
vey plane of reference, whose elevation is 249.04 feet. 

The plane of reference for the water levels at Charlotte is that adopted 
by the United States Lake Sur\ey in 1876, and is the plane of an assumed 
high water of 1838. According to the United States Lake Survey'^ this 
plane of reference is 34.19 feet below the upper side of the water table 
of the light-house, at the south southeast angle, east of the south win- 
dow at Charlotte. The elevation of this bench mark is 283.23 feet.^ 
The elevation of the plane of reference is, therefore, 283.23 — 34.19, or 
294.04 feet above mean tide at New York City. This happens to coin- 
cide with the elevation of the plane of standard high water of Lake 
Ontario. 

The Oswego water gauge was established in 1838 by Mr. John W. 
Judson, 0. E., United States agent in charge of Lake Ontario harbors. 
Its zero was set at the then extreme low water, supposed to be that of 
1819.** The gauge ^^ is cut into the vertical face of the cut-stone masonry 
forming the breakwater. This masonry was founded upon the ledge of 
rock forming the shore from which the breakwater starts and has thus 
been free from any possibility of settlement." The information in this 
paragraph has been furnished by Mr. William Pierson Judson, C. E., 
Oswego, N. Y. 

In view of the fact that no question has ever been raised in regard to 
the stability of the Oswego gauge, while there has been in regard to 
the Charlotte gauge, all deductions for standard water levels have been 
derived from the Oswego gauge record. 

ST. LAV7RENCE RIVER AT VALLEYFIELD (TABLE NO. 11). 

The data for the table of monthly mean water levels for the St. 
Lawrence Eiver at Yalleyfield, Province of Quebec, were furnished by 
Thomas Monro, engineer Soulanges Canal, at Coteau Landing, Province 
of Quebec. In the original record the readings are given in feet and 
inches, but in this table the monthly mean readings are given in feet and 
decimals of a foot. The monthly means were reduced from the daily 
readings and checked in the office of the Commission. 

The plane of reference for the water levels is the upper miter sill of 
Lock No. 14 of the Beauharnois Canal. The elevation of this miter 
siJl is 142.52 feet above mean tide at New York City, for which Thomas 
Monro, engineer of the Soulanges Canal,, is the authority. 

^ See Report Chief of Engineers, U. S. A., 1876, part 3, pa^e 81, for plane of reference^ 
and Final Report of United States Lake Survey, Professional Papers, Corps of En- 

fineers^ U. S. A., No. 24, page 614, for elevation of bench mark at Charlotte. Also see 
;eport Chief of Engineers, U. S. A., 1887, part 3, page 2417, and Report Chief of Engi- 
neers, U. 8. A., 1892, part 6, page 4382. 
3 See Report of the Chief of Engineers^ U. S. A., 1876, part 3, page 81. 
3 See Professional Papers, Corps of Engineers, U. S. A., No. 24, page 614, 
^Records since obtained indicate that this was probably the summer or autumn 
waterj as the lowest water of 1819 appears to have been considerably lower (see 
Water Levels, etc., Prior to I860)— L. E. C. 



112 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



The plane of standard high water for the St. Lawreuce Eiver at 
Yalleyfield has been taken as the monthly mean water of May, 1870, 
which is equivalent to that for Lake Ontario. The monthly mean water 
of May, 1870, reads 13.4:2 feet on the miter sill and the elevation of 
standard high water is, therefore, 142.52 + 13.42, or 155.94 feet above 
mean tide at l^ew York City. 

The plane of standard low water for the St. Lawrence River at Valley- 
field is equivalent to that for Lake Michigan, and is the plane at or 
below which monthly mean water has stood not more than an aggre- 
gate of ten months during the season of navigation out of the aggregate 
of nineteen lowest monthly mean waters occurring during the period 
of thirty six years, 1860 to 1895. The following is the record : 

Nineteen lowest monthly means of water levels above the uppei" miter sill of Lock No, 14 at 

Valleyfield during the period 1860 to 1895. 



Year. 



1872 

1873 
1875 

1881 

1885 
1888 
1892 



Month. 



February- 
March ... 
March ... 
February 
January. 
Tebruary 
March ... 
February 
February 
March ... 



Reading. 



Feet. 
10.36 
10.31 
10.98 
10. 52 
10. 98 
10.73 
10.03 
10.59 
10.74 
10.83 




1803. 
1895. 



Month. 



February . 
February . 
March 

July 

August ... 
September 
October . . . 
November. 
December . 



Reading. 



Feet. 
10.53 
10.57 
10.68 
10.96 
10.98 
10.54 
10.39 
10.17 
10.47 



Properly the above table should contain only eighteen months in 
order to make it correspond with that of Lake Michigan, but inasmuch 
as the next reading to reject would be 10.98, and as there are two such 
readings, therefore, it is immaterial whether eighteen or nineteen read- 
ings are used. 

The following are the lowest monthly means during the season of 
navigation, which excludes the months of January, February, and 
March : 



Year. 


Month. Reading. 

1 


Tear. 


Month. 


Reading. 


1895 


Julv 


Feet. 
10.96 
10.98 
10.54 


1895 


October 


Feet. 
10.39 




Au^ruBt 




November 


10.17 




September 


December 


10.47 









The reading + 10.98 feet of August, 1895, determines the plane of 
standard low water, and its elevation is 142.52 + 10.98, or 153.50 feet 
above mean tide at New York City. Extreme low water occurred on 
November 9, and 25, 1895, when the reading was 9.5 feet. This cor- 
responds to an elevation of 152.02 feet above mean tide at New York 
City. 

The mean surface of the St. Lawrence Eiver at Valleyfield, for the 
period of thirty-six years from 1860 to 1895, is 12.14 feet above the 
upper miter sill of Lock No. 14, or 154.06 feet above mean tide at New 
York City. For the period of twenty-five years, from 1871 to 1895, it 
is 11.99 feet above the upper miter sill or 154.51 feet above mean tide 
at New York City. 

As regards annual variation the St. Lawrence Eiver at Yalleyfield 
is generally highest in the month of May and lowest in the month of 
November. 
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An examination of* the record for the period of thirty-six years, from 
1860 to 1895, develops the following : 

Feet. 

Range in mean annual variation 0.86 

Mean annual range 1. 50 

Greatest annual range (1885) 2. 85 

Least annual range (I860) 40 

Highest monthly mean water (May, 1862, above upper miter sill of Lock 14) .. 13. 76 

Lowest monthly mean water (March, 1885, above upper miter sill of Lock 14) .. 10. 03 

Greatest range in monthly mean water 3. 73 

Highest annual mean water (1861) 13. 07 

Lowest annual mean water (1895) 10. 91 

Greatest range in annual moan water 2. 16 

ST. LAWRENCE RIVER AT MONTREAL (TABLE NO. 12). 

The table of monthly means of water levels for the St. Lawrence River 
at Montreal, Province of Quebec, was compiled from a table furnished 
by John Kennedy, chief engineer harbor commissioners Montreal, and 
which is given in full as Table No. 14. 

The plane of reference for the water levels is the lower miter sill of 
old lower lock of the Lachine Canal. The elevation of this miter sill is 
7.10 feet above mean tide at New York City. This elevation is deduced 
from that given by R. Steckel, engineer in charge of Canadian geodetic 
leveling.^ The Canadian geodetic levels are referred to an approximate 
mean tide of the Atlantic Ocean, which is 4.441 feet below the mean 
tide at New York City. This difference was found w^hen the Canadian 
levels were connected with the United States Coast and Geodetic Sur- 
vey levels at Rouses Point, New York.^ 

The plane of standard high water for the St. Lawrence River at Mon- 
treal is ^^the highest water possible during the season of navigation 
(at springs) with weather and atmospheric pressure in a normal condi- 
tion." Its elevation is 35.78 feet above mean tide at New York City.* 

The plane of standard low water for the St. Lawrence River at Mon- 
treal corresponds to a stage of 10 feet above the lower miter sill of old 
lock (No. 1) of the Lachine Canal, and is the same as that deduced by 
R. Steckel, engineer in charge of Canadian geodetic leveling.^ The ele- 
vation of this plane is 7.10+16.00, or 23.10 feet above mean tide at New 
York City. This plane is 0.33 feet below the plane used in the Mon- 
treal harbor and ship channel improvements. The latter plane is 16 feet 
4 inches, or 16.33 above the lower miter sill of old lower lock No. 1.* 
Extreme low water occurred in October, 1895, when the reading was 13 
feet 2 inches, or 13.17 on the miter sill. This corresponds to an eleva- 
tion of 20.27 feet above mean tide at New York City. 

The plane of standard low water is also 0.08 feet below the equiva- 
lent plane of standard low water deduced in a similar manner as the 
Ilane of standard low water for the several Great Lakes and the St. 
rawrence River at Yalleylield. The equivalent plane of standard low 
water would be the plane at or below which monthly mean water has 
stood not more than an aggregate of ten months during the season of 

^ See Annual Report Minister of Pablio Works, Canada, 1890-91, Part II, pages 109 
and 8. 

3 Ibid., pages 8 and 117, and Plate XXIV. 

'See Annnal Report Minister of Public Works, Canada, 1890-1891, Part II, page 111. 

4 See Annual Report of the Harbor Commissioners of Montreal, 1895, page 86. 

H. Doc. 192 8 
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navigation out of tlie aggregate of eighteen lowest monthly mean waters 
occurring during the period of thirty-six years — 18(i0 to 1895. The fol- 
lowing is the record : 

Eighteen lowest monthly means of water levels above the lower miter sill of old Lock No. 1, 

Lachine Canal j during the period 1860 to 1895. 



Year. 



Mouth. 



1868 ! October... 

1871 -, ! November 

1874 November 

1879 November 

1881 October... 

I November. 

j December . 
1887 ' September 

I November. 



Heading. 



Feet. 
16.42 
16.42 
16. 42 
16.08 
15.75 
16.08 
16.25 
16.08 
16.17 



Year. 



1R8G 
1891 

1894 
1895 



Month. 



Heading. 



' Feet. 

November ! 16. 33 

()ct<>ber 15. 92 

November 15.67 

Se])tem ber 16. 17 

July • 15.83 

August ' 15. 33 

September ' 14. 50 

October 13.83 

November 13.83 



The following are the ten lowest monthly means during the season 
of navigation, which excludes the months of January, February, and 
March : 



Year. 


Month. 


Reading. 


1 Year. 

1 


Month. 


Reading. 


1881 


October 


Feet. 
15.75 


1895 


July 


Feet. 
15.83 


1887 

1891 


November 


16.08 




August 


15.33 


September 

October 


16.08 
15.92 
15.67 




September 

October . 


14.50 
13.83 




November 


November 


13.83 











The reading 16.08 feet of November, 1881, and September, 1887 (also 
of November, 1879), would determine the equivalent plane of standard 
low water, and its elevation would be 7.10-1-16.08, or 23.18 feet above 
mean tide at New York City. 

As regards annual variation, the St. Lawrence Eiver at Montreal is 
generally highest in January and lowest in October. 

LAKE CHAMPLAIN AND RIVER RICHELIEU (TABLES NOS. 13 AND 13a). 

Tlie data for the table of monthly means of water levels for Lake 
Champlain at Fort Montgomery, N. Y., were furnished by Capt. 
Smith S. Leach, Corps of Engineers, United States Army, at Burling- 
ton, Vt. The table, as compiled, has been compared with the original 
record in the office of Captain Leach by F. M. Barstow, United States 
assistant engineer. 

The i)lane of reference for the water levels is the zero of the United 
States engineer gauge at Fort Montgomery, and its elevation is 94.53 
feet^ above mean tide at New York City. 

The plane of standard high water for Lake Champlain has been taken 
as the high water of May 4, 1869, which is the highest on record. The 
elevation of the plane of standard high water is 103.78 feet above mean 
tide at New York City. This was obtained as follows: The records of 
the Central Vermont Railroad show that the high water of May 4, 
1869, is 9.25 feet above the low water of October 16, 1880. The record 
furnished by Captain Leach shows that on October 16, 1880. the water 



1 See Appendix No. 7, Report of United States Coast and Geodetic Survey, 18S7, 
page 172. 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



115 



was at the zero of the United States engineer gauge at Fort Montgom- 
ery. The elevation of the high water is, tiierefore, 94.53-1-9.25, or 103.78 
feet. As a check on this the records of the Champhiin Transportation 
Company, kept at Shelburue Harbor, near Burlington, Vt., show that 
high water of May, 18(J9, is 9.17 feet above low water of October, 1880.^ 
The plane of standard low water for Lake Ohamplain is equivalent 
to that for Lake Michigan, and is the plane at or below which monthly 
mean water has stood not more than an aggregate of ten months during 
the season of navigation out of the aggregate of eighteen lowest 
monthly mean waters occurring during tbe period of twenty-five years, 
1871 to 1895. The following is the record : 

.Eighteen lowest monthly means of water levels above the zero of the United States engineer 

gauge at Fort Montgomery during the period 1871 to 1895, 



1 
Year. Month. 


Reading. 


1 Year. 


Month. 


Heading. 


1876 


December 


Feet. 
0.48 
.46 
.54 
.31 
.15 
.30 
.20 
.50 
.40 


1 

1 

' 1883 


November 


Feet. 
40 


1877 


January 


' 1884 

1 


December 


.46 


1880 

1882 

1883 


February 


Januarv . 


58 


September 

October 


October 


.48 


, 1887 


October 


58 


1 December 


^ovfiiTil><*r 


47 


January 


i 1891 


NoA' ember 


50 




February 


1894 


September 

()c tober 


50 




October 




.56 






' 







r 

The following are the ten lowest monthly means during the season 
of navigation, which excludes the months of January, February, and 
March : 



Year. 


Month . 


Reading. 


1 Year. 


Month. 


Beading. 


1876 


December 


Feet. 
0.48 
.31 
.15 
.30 
.40 


1883 


November . 


Feet. 
0.40 


1880 


September 

October 


1 

1 1884 


December 


46 




October 


48 


1882 


December 


1887 


November 


47 


1883 


October 


1891 


November - . . 


50 






1 







The reading +0.50 of November, 1891, determines the plane of stand- 
ard low water, and its elevation is 94.53+0.50, or 95.03 feet above mean 
tide at New York City. This plane is 9.11 feet above the lower miter 
sill of Lock No. 23 of the Ohamplain Canal at Whitehall, as determined 
for the Commission from a bench mark of the United States Coast and 
Geodetic Survey, by Albert J. Himes, resident engineer, Erie Canal. 

Extreme low water of Lake Champlain is that observed on October 
12, 1880, when the reading on the United States engineer gauge at 
Fort Montgomery was —0.14 feet.^ The elevation of this extreme low 
water is 94.53—0,14, or 4.39 feet above mean tide at New York City. 

The incomplete record at St. Johns (Table 13a), prior to 1871, indi- 
cates that the standard low-water plane would not be materially changed 
if deduced from a record for thirty-six years, 1860-18^5. 

1 Information furnished by F. W. Baldwin, general 8u^)erintendent Central Verm<^nt 
Kailroad, St. Albans, Vt. ; G. F. Bixby, editor and proprietor of the Plattsbnrg Repub- 
lican, Plattsburg, N. Y., and George Rushlow, general manager Champlain Transpor- 
tation Company, Burlington, Vt. 

=* See Appendix No. 7, Report of United States Coast and Geodetic Survey, 1887. 
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The mean surface of Lake Chaiuplain for the period of tweutv five 
years, from 1871 to 1895, ivS 2.()7 feet above the zero of tlie Fort Mont- 
gomery gauge, f>r 97.20 feet above mean tide at New York (Jity. The 
mean surface tis determined by the United States Coast and Geodetic 
Survey^ for tlie period of twelve years, from 18^1. to 1882, is 97.17 feet 
above mean tide at New ^ ork City. 

As regards annual variation, the lake is generally highest in the mouth 
of May and lowest in the month of October. 

An examination of the record for the period of twenty-five years, 
from 1871 to 18i\5, develops the following: 

Feet. 

^ange in mean annual variation 3. 59 

Mean annual ranj;;i' 4. 22 

''Greatest annual i-.mge (in 187()) 6. 13 

Xeast annual range (in 1872) 2. 36 

Highest monthly mean water (May, 1876) 6. 61 

Lowest monthly mean water (( )ctober, 1880) 0. 15 

Greatest range in monthly mean waters 6. 46 

Highest annual mean water (1890) 3. 65 

Lowest annual mean water (1883) 1. 80 

Greatest range in annual mean waters 1. 85 

The data for the table of highest and lowest depth of water on the 
upper miter sill of liOck I^To. 1 of the Chambly Canal, River Eicheliea, 
at St. Johns, Province of Quebec}, were obtained from the annual 
reports of the department of public works, Canada, 18G7 to 1871, except 
for the "highest" in April, 1809, which was taken from the annual 
report for 1885, where it is given as 13.87 feet, by R. Steckel, engineer 
in charge of Canacian geodetic leveling, instead of 13 feet 10 inches, 
as given in the annual report for 1869. 

This table (13a) is given as supplemental to that for Lake Cham plain, 
there being no water-level record obtainable for Lake Champlain 
previous to 1871. 

The slopes in the River Richelieu from Lake Champlain, at Fort 
Montgomery, to Lock No. 1 of the Chambly Canal, at St. Johns, are 
given by R. Steckel, engineer in charge of geodetic leveling,* a« follows: 

Feet. 

At extreme low water 0. 38 

At extreme high water, about 2. 00 

The corresponding elevation of Fort Montgomery would be as follows : 

Above mean tide at New York City : Feet. 

At extreme low water 93.67 

At extreme high water 103.28 

The plane of standard high water for the River Richelieu at St. Johns 
has been taken as the high water of April, 1869, and its elevation is 
101.28 feet above mean tide at New York City. 

The plane of standard low water for the River Richelieu at St. Johns 
is equivalent to that for Lake Champlain and it is derived by subtract- 
ing the low- water slope of 0.38 foot from the standard low water for 
Lake Champlain. The elevation of the plane of standard low water is 
therefore 96.03 — 0.38, or 94.65 feet above mean tide at New York City. 

The elevation of the upper miter sill of Lock No. 1 of the Chambly 
Oanal is 87.41 feet above mean tide at New York City. This eleva- 
tion is derived from the Canadian geodetic levels, which give theeleva- 

1 See Appendix No. 7, Report of United States Coaat and Geodetic Survey, 1887. 
•See Annual Report Minister of Public Works, Canada, 1884-86, Appendix No. 7. 
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tion as 91.85. feet above an approximate mean tide of the Atlantic 
Ocean. The connection between the Canadian and United States 
levels at Rouse Point, near Fort Montgomery, shows that the Canadian 
datum is 4.44L feet below the United States datum, which is mean tide 
at New York City. 

The Canadian levels are, therefore, corrected by subtracting 4.441 
feet.^ In the annual report of the minister of public works, Canada, the 
Canadian levels are referred to another datum 100 feet below, which 
corresponds to 94.63 feet above mean tide at New York City, or, in 
other words, the elevation of mean tide at New York City is 194.63 feet 
below the Canadian datum used in annual report of 1884-85. 

ST. LAWRENCE RIVER AT MONTREAL (TABLE NO. 14). 

Table No. 14 is a copy of the record furnished by John Kennedy, 
chief engineer, harbor commissioners, Montreal. The table gives depth 
of high, low, and mean water level for each month on the miter sill of 
Lock No. 1, Lachine Canal, for the forty-six years from 1850 to 1895, 
inclusive. 

In the original record the readings are given in feet and inches, but 
in this table the readings are given in feet and decimals of a foot. 

This table has been checked with the original record in the oflBce of 
the harbor commissioners by the chief engineer, Mr. John Kennedy. 

ST. LAWRENCE RIVER FROM PRESCOTT TO MONTREAL (TABLE NO. 15). 

This table has been compiled for 1870, a characteristic high- water 
year, and for 1895, a characteristic low-water year, in order to determine 
standard high water and standard low water at ruling points of the 
St. Lawrence River between Lake Ontario and Montreal. The com- 
plete record for Lake Ontario and for the St. Lawrence at Valieyfield 
and at Montreal has been presented in Tables No. 9, 10, 11, 12, and 14,, 
and has been discussed for each point under its proper head, and it 
remains to deduce the equivalent results for the intermediate points* 

The record of Ogdensburg, N. Y., opposite Prescott, for 1870, is com- 
piled from the Report of the Chief of Engineers, United States Army, 
for 1893, Part VI, page 4385; for 1895, from manuscript furnished by 
John C. Churchill, jr., C. E., of Ogdensburg. The record at the termi- 
nal locks at the several canals, except at Valleyfield and Montreal, is 
furnished by the departraefit of railways and canals of Canada. 

The approximate determination of the zero of the Ogdensburg gauge 
is as follows: The mean reading of the Oswego gauge for a period of 
six months, May to October, 1895, is + 0.29 foot, and for the same period 
at Ogdensburg, — 1.08 feet. The slope of the river from Kingston to 
Prescott, as given on profile compiled by Thomas Monro for the Deep 
Waterways Commission of Canada, is 0.25 foot, and the elevation of the 
zero of the Oswego gauge is 244.21 feet above mean tide at New York 
City. The zero of gauge at Ogdensburg is therefore 244.21 -f- 0.29 
— 0.25 + 1.08 = 245.33 feet above mean tide at New York City. The 
elevation of bench mark on doorsill of light-house reads 6.75 feet on 
gauge, and its elevation is therefore 245.33 + 6.75 = 252.08 feet. 

The records given for the other points of the tables are the depths 
on the miter sills of the several locks, which are all referred to mean 
tide at New York. The elevation of the miter sill of old Lock 5 at 
Lachine is deduced from the line of precise levels from the international 

1 See Annaal Report Minister of Public Works, Canada, 1890-91« Part Ih 



118 



REPORT OP U. S. DEEP WATERWAYS COMMISSION. 



bench mark at Rouse Point, N. Y., as run by R. Steckel, engineer in 
charge of Canadian geodetic leveling. The elevation of the miter sill 
of old Lock 1 , at Montreal, is as given by the same authority. 

The elevations of the reference miter sills at the several other points 
are as given by Thomas Monro on the profile heretofore mentioned. 

In deducing results it will be convenient to consider the St. Lawrence 
River in two divisions: First, between Lake Ontario and Valley field; 
second, between Valleyfield and Montreal. 

Standard elevations have already been independently determined for 
Lake Ontario and for Lake St. Francis at Valleyfield. It remains , there- 
fore, to determine the equivalent stages at Ogdensburg and at the ter- 
minal locks of the Williamsburg and Cornwall canals. 

Standard high water is the monthly average for May, 1870. For 
Lake Ontario it is the highest water of record at Oswego. For the St. 
Lawrence River at Valleyfield, it is 0.05 foot lower than the monthly 
average for May, 1876, although the general average for the year 1870 
ruled higher. The following table gives the results: 



Locality. 



Lake Ontario, Oawejjo, K. Y 

Ogdensburg, N. Y 

Galops Canal, Old Lock 27 

Galops Canal. Old Lock 25 

Rapide PJat Canal, Old Lock 23 

Farrans Point Canal, Old Lock 22 

Cornwall Canal, Old Lock 15 

Valleyfield, Province of Quebec, Lock 14 



Heading 

May, 1870. 



Feet. 
4.83 
3.24 
12.67 
15.67 
12.58 
10.83 
12.42 
13.42 



Plane of 
reference. 



Feel. 
24 A. 21 
245. 33 
235. 15 
218. 52 
205. ^2 
193. 77 
144. SG 
142.52 



Elevation 

standard 

high water. 



Feet. 
249.04 
248. 57 
247.82 
234. 19 
218. 40 
204. 60 
157.28 
155.94 



The average reading for six months at Oswego, from May to October, 
1895, is 0.29 foot, which is 0.03 foot below standard low water as deter- 
mined for Lake Ontario. The average reading for the same period at 
Valleyfield, is 10.93 feet, which is 0.05 foot below standard low water 
as determined for Lake St. Francis at Valleyfield. This is a practical 
agreement, and an arbitrary of 0.03 foot is therefore added to the 
averages for the same period at intermediate points in determining 
standard low water. The following table gives the results: 



Locality. 



Lake Ontario. Oswego, N. Y 

Ogdensburg, N. Y 

OalopH Caniil, Old Lock 27 

<7alop8 Canal, Old Lock 25 

Rapide Plat Canal, Old Lock 24 

Kapide Plat Canal, Old Lock 2:{ 

Fai ranH Point Canal, Old Lock 22 

Cornw all Canal. Old Lock 21 

Cornwall Canal. New Lock 15 

Valleyfield, Province of Quebec, Lock 14. 



Average 
reading. 



Feet. 
0.29 

— l.OH 
8.28 
9.46 



6.96 
7.92 



14.68 
10.93 



^ ,. t Elevation 
Reading ' 

standajd ; 

low Plane of 

water . j releren ce . , 



Feet. 

0.32 

— L05 

8.31 

9.49 

(7. 18) 

6.99 

7.95 

(8. 60) 

14.71 

10.98 



Feet. 
2 J 4. 21 
245. :<3 
2^5. 15 
218.52 
217. 33 
205. 82 
19;<. 77 
192. 53 
139. 28 
142. 52 



Standard 

low 

water. 



Feet. 
244. 53 
244.28 
243. 46 
228. 01 

(224. 51) 
212.81 
201. 72 

(201. 13) 
153.99 
153.50 



The interpolated quantities are approximated from the extreme read- 
ings in the report of the minister of railways and canals. 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



119 



Extreme low water, as given by Thomas Mouro on profile before men- 
tioned, in comparison with standard low water and lowest monthly 
readings, is as follows: 



Locality. 



Lake Ontario, Oawego, N. Y 

Ogdensburg. N. T 

Galops Canal, old Look 27 

Oalops Canal, old Lock 25 

Kapide Plat Canal, old Lock 24. . . 
Kapide Plat Canal, old Lock 23. . 
Farran*s Point Canal, old Lock 22 

Cornwall Canal, old Lock 21 

Oornwall Canal, new Lock 15 

Valleyfield, Lock 14 



Standard 

low 

water. 



Feet. 
-1-0.32 
-1. 05 
8.31 
9.49 
(7. 18) 
6.99 
7.95 
(8. 60) 
14.71 
10.98 



Lowest 
month, 
Novem- 
ber, 1895. 


Extreme 

low 
water. 


Feet. 


Fiet. 


—0.71 


a— 0.96 


(—2. 08) 


6—2.33 


7.42 


6.74 


7.83 


6.67 


(5.58) 


4.50 


5.50 


4.56 


6.67 


5.83 


(7.54) 


7.00 


13.92 


13.50 


10.17 


C9.36 



Time of 

extreme low 

wati^r, 1895. 



November. 

Do. 
November 9. 

Do. 

Do. 
November 23. 
November 9. 

Do. 
November 21. 
November 9. 



a As determined at Kingston graving do<;k. 
h Given for Prescott. 

cThe lowest reading in the record is 9.50 feet on November 9 and November 25, as given in the 
discussion. Si. Lawrence at ValloyQeld (Table No. 11). 

The interpolated quantities are approximated from the extreme read- 
ings given in report of minister of railways and canals. 

The usual period of highest water between Lake Ontario and Valley- 
field occurs in May or June; and of lowest water, in November or 
December. 

Between Valleyfield and Montreal, a determination is required at 
two points: Lock No. 6 of the Beauharnois Canal at Melocheville, the 
head of Lake St. Louis; and at Lock No. 5 of the Lachine Canal at 
Lachine, the foot of the lake. 

The high water of May, 1876, is the highest water of record below 
the junction of the Ottawa River and is some 2 feet higher than the 
high water of May, 1870, on Luke St. Louis, and has been adopted as 
standard high water. The extreme normal reading on the miter sill of 
old Lock No. 5, at Lachine, as given by Mr. Steckel,^ is 17.13 feet, or 
elevation 75.52 feet above mean tide at New York City. The extreme 
reading on the miter sill of Lock No. 5, at Melocheville, is 16.07^ feet, 
or 77.50 feet above mean tide at New York City. 

The extreme normal reading on the miter sill of old Lock No. 1, at 
Montreal, as given by Mr. Steckel in the report above referred to, is 
58.68 feet, or 35.78 feet above mean tide at New York City. 

In determining standard low water, the months of August, Septem- 
ber, October, and November are used. The earlier months give anom- 
alous results owing to lack of coincidence in the stages of the Ottawa 
Eiver and the St. Lawrence above the junction, during the high-water 
season. During the low- water months, the variations from this cause 
are less apparent. 

The reading for August, 1895, at Valleyfield, is at standard low water. 
The equivalent readings at Melocheville, Lachine, and Montreal are 
given in the first column of the following table. The average reading 
lor four months, August, September, October, and November for the 
years 1895, 1879, 1868, and 1865, are also entered for each of the four 
points. The record from which the readings for 1879, 1868, and 1865 



1 Report, 1890-91, Minister of Public Works, Canada. 

2 Report, 1876, Minister of Public Works, Canada. 
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are compiled was furnished by John Kennedy, chief engineer, harbor 
commissioners, Montreal.^ 

The arbitrary for eacji of the readings at Valleyfield is obtained by 
taking therefrom the reading of standard low water, and this is applied 
in computing the equivalent standard low water at Melocheville and 
Lachine. 

The arbitrary is multiplied by 1.60 in computing the equivalent stand- 
ard low water at Montreal, as this is about the ratio of the amplitude 
of the fluctuations in stage at low water between Montreal and points 
above. 



Designation. 



Valleyfield : 

Average reading 

+ Arbitrary 

Melocheville : 

Average reading 

Computed standard low water 

Lachine : 

Average rending 

Computed standard low water 

Montreal : 

Average readiog 

( 4- Arbitrary + 1.6 = equivalent.) Equivalent 
arbitrary 

Computed standard low water 



1895, 

August. 

standard 

low 

water. 



1895, 
four 



1879, 
four 



1868, 
four 



moDths. , months, months. 



Feet. 
10.98 
0.00 

9.17 
9.17 

9.50 
9.50 

15. a3 

0.00 
15. »3 



Feet. 
10.52 
+0.46 



Feet. 
11.50 
—0.5? 




14.37 

+0.74 
15.11 



1865, 

four 

months. 



17.67 

—1.49 
16.18 



The tabje gives the readings, the arbitraries, and the computed equiv- 
alent standard low water for Melocheville, Lachine, and Montreal, as 
deduced from Valleyfield. 

An inspection of the table shows that the result for 1879, at Lachine, 
is anomalous. Mr. Steckel,^ in the report before referred to, deter- 
mined by a simultaneous reading in i^ovember, 1879, the reading at 
Lachine equivalent to 16 feet at Montreal. This was 9.21 feet, or 0.55 
foot less than that deduced in the table. The determination between 
Valleyfield and Montreal is also consistent. The record for 1879, at 
Lachine, is anomalous and is omitted in the further consideration. 

The reading of August, 1895, is adopted at Melocheville, or 9.17 feet 
on miter sill of Lock No. 6. The elevation of the miter sill is 60.83 
feet. Standard low water at Melocheville is, therefore, 9.17+00.83=70 
feet above mean tide at New York City. 

The reading for standard low water at Lachine may be taken at 9.41 
feet on the miter sill of old Lock 5. The elevation of the miter sill is 
68.39 feet. Standard low water at Lachine is, therefore, 9.41+58.39= 
67.80 feet above mean tide at New York City. 

The table gives the equivalent at Montreal of standard low water at 
Valleyfield. In the same manner, the equivalent at Montreal of stand- 
ard low water at Lachine is determined. The reading at Lachine is 

^ll ..-I. .1.— ..I... -■ ..I.  ■■-■MMMIM» 

^ Lachine depths on miter sill of old Lock No. 6, 



Month. 


1865. 1868. 


1879! Month. 1865. 

, 1 


1868. 

9.73 
9.87 


1879. 


August 


11.36 10.15 
10.45 : 10 

1 


10.80 1 October 


0.92 
0.84 


10.08 


Sentember 


10. 44 , November 


9.7» 









^Beport, 1890-91; Minister Pablio Works, Canada. 



REPORT 01' U. 8. DEEP WATERWAYS COMMISSION. 



121 



9.41 feet on miter sill of old Lock ISTo. 5, and the equivalents on the miter 
sill of old Lock No. 1 at Montreal are as follows: 

Feet. 

August, 1895 15.19 

August, September, October, and November, 1895 15. 18 

Same, four months of 1868 16.05 

Same, four months of 1865 16. 10 

Tlie mean of the determinations for 1868 and 1865 is 16.08 feet, which 
is the same as standard low water at Montreal as heretofore determined 
from the record of thirty-six years in the same manner as for the several 
lakes. The determination for 1895 is less by 0.90 foot. 

Extreme low water, as given by Thomas Monro on profile before men- 
tioned in comparison with standard low water and lowest monthly read- 
ing, is as follows : 



Locality. 



Standard 

low 

water. 



Melocheville, Lock 6 
Lachine. old lock 5. . 
Montreal, old lock 1 



Feet. 
9.17 
9.41 

a 15. 18 



liowest 
month, 
Novem- 
ber, 1895. 



Extreme 

low 
water. 




Feet. 
7.82 
8.03 

618.25 



Time of 

extreme low 

water, 1895. 



NovembiBr 5. 
November 9. 
November 5. 



a Standard adopted, IG feet. 

b Extreme low water of October, 13.17 feet, ;is given in Table No. 14. 

In the "Annual reports of the harbor commissioners of Montreal,'^ 
for 1895, page 85 ct seq., Mr. John Kennedy, chief engineer, presents and 
discusses data in regard to the low-water condition. The following table 
gives the absolute fall from canal entrance to Maisonnenve about 18,400 
feet, and between Maisonneuve and Longue Point about 15,600 feet: 



Date. 



Canal en- 
trance to 
Maison- 
neuve. 



December 3, 1888 . . 
November 8, 1889.. 
September 18, 18i45 
November 8, 1885.. 



• I 



Feet. 
2.80 
2.53 
1.80 
1.71 



j^laison- 

neuve to 

Longue 

Point. 



Feet. 



0.40 



0.21 



Canal en- 
trance to 
liOugue 
Point. 



Feet. 



2.93 
"i.'92' 



This table confirms the deduction previously made, and would seem 
to show a change of about 1 foot within 6J miles of canal entrance and 
mostly within 3J miles. In this vicinity there is naturally a local con- 
centration of slope, which the harbor works seem to have greatly reduced. 

The standard low-water plane at Montreal, as heretofore determined, 
covers the ten lowest months of the season of navigation, out of the 
aggregate of eighteen lowest months occurring in thirty six years, and 
corresponds to the planes determined for the several lakes. In reality 
it is the plane of the highest of the ten months. 

If the actual plane had not changed, several of the low-water read- 
ings would have been higher. An inspection of the record, however^ 
shows several additional months within two or three tenths of the 
adopted plane, so that the change would not have been great. On the 
other hand, had the conditions now obtaining existed throughout the 
thirty-six years (1860-1895) the plane deduced would have been lower 
by about 1 foot. 

It would seem, therefore, that while the standard low water adopted 
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is an approximate equivalent of past conditions, it is not applicable to 
the future when material changes in channels of discharge are taking 
place. 

The following table gives standard low water as referred to other 
points not mentioned in the foregoing discussion : 



Locality. 



KiDgston, sill of Graving dock 

Galops Canal, upper entrance, new sill 

Bapide Plat Canal, upper entrance, new sill 
Itapide Plat Canal, lower entrance, new sill 
Cornwall Canal, upper entrance, new sill . . . 

Soulanges Canal, upper entrance, sill 

Sonlanges Canal, lower entrance, sill 

Lachine Canal, upper entrance, new sill 



Reading 

standard 

low 

water. 



Elevation 

plane of 

reference. 



15.33 ; 


229.20 


14.75 1 


228.71 


(1.5.18); 


209.33 


15.93 1 


19ff.88 


(1.5.02) 


1«6. 11 


16.18 


137. 32 


16.18 : 


53.82 


14.46 


53.34 



DIAGRAMS. 
WATER LEVELS FOE THE GREAT LAKES AND ST. LAWRENCE RIVER. 

(Diagrams No. 1 and No. la.) 

A series of diagrams has been prepared showing the annual water- 
level curves for Lakes Superior, Michigan, Huron, Erie, and Ontario, 
St. Lawrence Elver at Valleyfield and at Montreal, and Lake Cham- 
plain. Each of the curves covers a period of thirty-six years, from 1860 
to 1896, except that for Lake Ohamplain, which covers the period of 
twenty- five years, from 1871 to 1895. The data for the curves are given 
in the tables of water levels and each curve is referred to the plane of 
reference noted in its table. ^ 

SLOPES IN THE RIVERS CONNECTING THE LAKES. 

(Diagram No. 2.) 

A series of diagrams has been prepared showing the monthly mean 
slopes or falls and the variation in the same in the St. Mary's Elver 
between Lake Superior and Sault Ste. Marie above the locks, between 
above the locks and below the locks, and between below the locks and 
Lake Huron ; in the St. Clair and Detroit rivers between Lake Huron 
and Lake Erie, and in the Detroit Eiver between the light-house depot 
at the foot of Mount Elliott avenue, Detroit, and Lake Erie. The 
period covered is for twenty-five years, from 1871 to 1895, except for 
Detroit Eiver at light-house depot, where the period is eleven years, 
from 1871 to 1881. 

The curves are shown in two series; in one, the absolute heights of 
the monthly mean water level above mean tide at New York are platted, 
and this shows the variation in the height of water surface and the 
slopes in the several rivers; in the other series, the upper lake or body 
of water is assumed to be level, and the ordinates of the curves repre- 
sent the slope or fall to the lower lake or body of water. 

The slope diagrams in the St. Marys Eiver and in the Detroit Eiver 
between Detroit and Lake Erie show the effect of ice in the winter, 
months. This influence is not apparent in the total fall between Lake 
Superior and Lake Huron and between Lake Huron and Lake Erie. 



1 The record for the ten months ending with October, 1896, has been added to the 
diagrams. — L. E. C. 
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MEAN ANNUAL VARIATION. 
(Diagram No. 3.) 

A series of diagrams has been prepared showing the mean level by 
months. The complete curves show the mean variation or average 
change throughout the year. 

In the curve for Lake Huron the twenty-five-year means are used, 
and the curve for Lake Michigan for the same period is outlined thereon, 
in order to show the relative variation in monthly means for the two 
lakes. 

In the curve for the St. Lawrence River at Montreal a hypothetical 
curve for the winter months, and in the absence of ice, is shown by a 
dotted line. For December and April the readings are deduced by 
comparing the mean curve with the annual curves for years of no ice in 
these months. For January, February, and March the readings are 
approximated by comparison with the mean curves for Lake Champlain, 
the St. Lawrence River at Valleyfield, and the Ottawa River at Ottawa. 

For purposes of comparison the mean curve for the Ottawa River at 
Ottawa has been outlined on the Montreal curve. This is deduced 
from the record of the depth on the lower miter sill of the entrance lock 
of the Rideau Canal at Ottawa, for the periods from 1850 to July, 1867, 
and from July, 1892, to June, 1895, as printed in the reports of the 
minister of public works and of the department of railways and canals. 

VARIATION OF ANNUAL MEANS. 
(Diagram No. 4.) 

A series of diagrams has been prepared showing the variation in the 
annual means for the several lakes and the St. Lawren(*e River. 

I have been assisted in compiling these notes by Mr. J. E. Malouey, 
who has completed the same sii»ce I left the service. I have, however, 
carefully gone over Mr. Maloney's work. 

Very respectfully submitted. 

Alex. E. Kastl. 

Note. — Mr. Maloiiev has su]>ervi8cd the preparation of the diagrams and worked up 
the memoranda which are appiMided. — L. E. C. 



MEMORANDA. 
LAKE CHAMPLAIN. 

Special efforts have been made to secure data for Lake Cliamplnin, in 
addition to the record at Fort Montgomery furnished by the United 
States engineer office at Burlington, Vt. The Coast and Geodetic Sur- 
vey, in Appendix No. 7, Annual Report for 1887, published a table and 
discussion covering a period of twelve years, from 1871 to 1882,int?lusive, 
which is based on the record at Fort Montgomery. This table contains 
minor variations from the record as furnished by the United States 
engineers, whii^h may be due to difference in reduction and interpreta- 
tion of the daily readings. 

An inquiry was sent to the State engineer and surveyor of New York, 
Hon. Campbell W. Adams, Albany, N. Y., and a reply received through 
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Albert J. Himes, resident eogineer, eastern division of the Erie CanaJ, 
under date of March 2, 1896. Mr. Himes says : 

I can find no evidence in the reports that any interest has ever been taken in a 
record of the stage of water on Lake'Champlain. 

A similar inquiry was sent to the superintendent of the State land 
survey, Hon. Verplanck Colvin, Albany, N. Y. He replied on March 
14, 1896, in part as follows : 

On examination, however, I do not find any records earlier than the iragnHMitjiry 
data of 1871, which from your letter I understand you already have. 

Meantime, a letter had been addressed to G. F. Bixby, editor and pro- 
prietor of the Plattsburg Eepublican, Plattsburg, N. Y., who, it was 
learned, had given special attention to the subject of fluctuations. Mr. 
Bixby replied under date of February 24, 1896, in part as follows: 

Since October, 1896, I have published at or near the first of every month a record 
of flnctiiations of the water level of Lake Champlain at the center of the drawbrid'je 
of the Central Vermont Railroad Company, at Rouse Point, as kept by Mr. E. H. 
Starks, the bridj^e tender there. At that time I also gathered data from various 
sources, from old inhabitants, dock keepers, etc., from which was determined with 
approximate accuracy the extreme of fluctuations as far back as any records are avail- 
able. From these data, on which the local authorities hereabout substantially agreed, 
it is found that the highest water ever known in Lake Champlain was May 4, 1869, 
when it was within 4 feet 5^ inches of the railroad track bench mark at Rouse Point^ 
and that the lowest ever known was October 16, 1880, when it was 13 feet 8^ iuches 
below the same bench mark, making the extreme fluctuation 9 feet 3 inches. 

Mr. Bixby adds that no record was ever kept at the military post at 
Plattsburg, and he referred the inquiry to Oapt. George Rushlow, gen- 
eral manager of the Champlain Transportation Company, Burlington, 
Vt., for further information. 

Captain Rushlow replies under date of February 27, 1896, in part as 
follows : 

Since the establishment of our shipbuilding plant at Shelburne Harbor in 1827, a 
record has always been kept. As you are doubtless aware, the extreme high water 
was in May, 1869, the extreme low water in October, 1880. The fluctuation between 
the two is 9 feet 2 inches. ' 

In response to further inquiry, Captain Rushlow replies, under date 
of March 7, 189G : 

I beg to say that the record mentioned in my letter of February 27 to Dr. Bixby, 
of Plattsburg, is not a monthly record, but since 1827, the establishing of our plant 
at Shelburne Harbor, a record has been kept of the extreme high and low water by 
marks on our wharf and buildings, and the record given by Dr. Bixby was the 
extreme high and low water since 1827. 

An inquiry was also addressed to Prof. D. E. Goodrich, University of 
Vermont, Burlington, Vt., and answered under date of March 4, 1896. 
Professor Goodrich says : 

After inquiries and some correspondence, I consider that you have already been 
burnished with all the information to be had, unless possibly something is to be 
added from the work of the Coast Survey on Lake Champlain. 

Professor Goodrich inclosed a note from Captain Rushlow, and also 
a note from Prof. V. G. Barbour, dean of the engineering department, 
and at one time connected with the Coast Survey. Professor Barbour 
writes : 

I know of no data concerning the level of the Lake Champlain other than that 
mentioned. 

In reply to inquiries addressed to the Central Vermont Eailroad, St. 
Albans, Vt., respecting records at the Rouse Point and Ticonderoga 
Crossings, Mr. F. W. Baldwin, general superintendent, under date of 
April 27, 1896, furnishes their record "at Rouse Point from May 24, 
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1874, to April 18, 1S96, iuclusive," This record gives no additional 
information, and is chiefly valuable as a check on the one at Fort 
Montgomery. 

In order to furnish some criterion of the fluctuations for the period 
from 1800 to 1870, inclusive, the record for the icichelieu River at St. 
Johns has been compiled from the reports of the minister of public 
works of Canada. This enables a judgment to be formed for the entire 
period of thirty-six years in comparison with the other lakes. It does 
not appear that a complete record for thirty-six yeurs would maici ially 
change the results as indicated by the record of twenty-tive years. 

It is possible that the leveling up of the marks at the shipyard of 
the Ohamplain Tiansportntion Company at Shelburne Harbor and the 
detailed record for the Richelieu River at St. Jolms made prior to 1871 
may furnish additional information of value; but otherwise the sources 
of information regarding the early fluctuations of Lake Chami)lain 
appear to be exhausted. The extreme fluctuations since I82G, a period 
of seventy years, and the detailed fluctuations since 1<S70, a period of 
twenty-flve years, are well deteruiined, and the general fluctuations for 
eight years previous to 1871 may be closely inferred. 



ST. LAWRENCE RIVER. 



The record of monthly means for the year 1895 at Cornwall and at 
Lachine, as finally tabulated, requires notice. 

The readings for April, May, »Tune, and July, as furnished for Corn- 
wall, are given in the first column and those adopted in the second. 



Month. 



April 
H»y . 
June. 
July. 



Original Adopted 
record. record. 




Feet. 

(15.69) 
15.25 
15.08 

(14. 70) 



The readings for May and June were assumed to have been taken on 
sill of old lock, and the difference in the elevation of the sills of the old 
and new locks, which is 5.58 feet, was added to these two readings. 

The readings for April and July were assumed to be in error (prob- 
ably a combination of readings on the two sills), and were replac^ by 
values interpolated as noted at the foot of Table Ko. 15. 

At Lachine a record was furnished for the miter sills of both the old 
and new locks. The following table contains the original record and a 
column giving the difference in readings : 

Lachine, 1896, 



Honth. 



January.. 
February. 
March.... 

April 

MAy 

Jane 

Jnly 

Anenst . . 
September 
October . . 
Korember 
December 



Original record. 


Old look. 


New lock. 


F€U, 


Feet. 


10.75 


14.92 


9.08 


13.25 


8.56 


12.75 


U.76 


15.92 


12.33 


16.50 


11.33 


15.50 


0.83 


14 


9.50 


13.67 


8.92 


13.17 


8.87 


13.67 


8.60 


13.50 


9.07 


14.58 



Dlfi'erence. 



Feet. 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.17 
4.25 
5 
6 
4.91 
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As the isills of the two locks differ in elevation 5.04 feet, it is evident 
that one of the records is in error some 10 inches from January to Sep- 
tember. The record at the old lock is consistent with that for 1870 and 
for other years, and also with the record on Lock l^o. 6 at Melocheville, 
and is adopted as correct. The record at the new lock appears to be 
made up by adding an arbitrary to the record at the old lock, and this 
arbitrary appears to have been in error, except for the last three months. 

LAKE ONTARIO. 

The high water of 1838, at Charlotte, as established by Prof. C. Dewey, 
is 34.48 feet below bench mark on water table of light-house, or at ele- 
vation 283.23—34.48=248.75 feet above mean tide at New York. (See 
Eeport of Chief of Engineers, U. S. A., 1872, p. 1069; and Professional 
Papers, Corps of Engineers, U. S. A., No. 24, p. 614.) The high water 
of 1838, at Oswego, is given by Charles Whittlesey (see Smithsonian 
Contributions to Knowledge, vol. 12, 1860) as 3.04 feet below a certain 
zero or plane of reference, which Mr. William Pierson Judson, United 
States assistant engineer, at Oswego, states is the same as bench mark 
A, Oswego. The elevation of this bench mark is 251.96 feet, and the 
high water of 1838, at Oswego, is therefore 251.96-3.04=248:92 feet 
above mean tide at New York City. 

The plane of reference for Lake Ontario, as used by the United States 
Lake Survey, is 34.19 feet below the bench mark on the light-house, or 
249.04 feet above mean tide at New York City. This is not, therefore, 
the high water of 1838, but an arbitrary plane that was intended to 
be the equivalent of the high water of 1838 on Lake Erie, as deter- 
mined by comparing the mean of the gauge readings for June, July, and 
August, 1874, and taking a plane for Lake Ontario as much above 
the mean as the actual high water of 1838 on Lake Erie was above 
the mean for the same period. It now appears that the plane for Lake 
Erie is 1.68 feet above the mean for Cleveland, while that for Lake 
Ontario is 1.80 feet above the mean for Oswego, and that the two 
planes do not correspond as intended. The plane does, however, cor- 
respond to the mean reading for May, 1870, at Oswego, or the highest 
water of record for Lake Ontario. 

Some uncertainty attaches to the record at Charlotte, and certain 
reductions are made as explained in the foregoing text. Much consid- 
eration has been given this record, and for this purpose the information 
bearing thereon has been put at the disposal of the Commission by Maj. 
W. S. Stanton, the officer in charge. The zero of the Charlotte gauge 
was changed in 1883 to coincide with the zero of the Oswego gauge 
according to the determination made by the United States Lake Survey. 
A comparison of the direct readings for the three years, 1893 to 1895, 
gives a mean 0.07 foot greater at Oswego. A comparison for the months 
of June, July, and August, for the same years, gives a mean 0.08 foot 
greater at Oswego, Assuming the lake to be level, the zero of the 
Charlotte gauge is, therefore, actually higher than the zero of the 
Oswego gauge. 

Since the above was written, a letter from William Pierson Judson, 
assistant engineer, by direction of Maj. W. S. Stanton, has been received 
under date of August 8, 1896, in part as follows: 

The followiDg copy of a communication just received from Mr. O. K. Gilbert, of the 
United States Geological Survey, may be of interest to you. He is studying lake 
levels and has recently visited Oswego and Charlotte. He says under date of 
August 1 : At Charlotte I leveled from the zero of gauge to the bench mark on the 
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water table of the old ligbt-bruise tower. Tbis liue was run twice, but with unequal 
conditions, and I gave tbe second determination greater weigbt in computing a 
result for adoption. 

Zero at Cbarlotte below bencb : 

First determination , 38. 937 

Second determination 38. 955 

Adopted value '. 38.950 

The elevation of the bench mark on the water table of the light- 
house as heretofore used is 283.23 feet above mean tide at New York 
City. The elevation of the zero of the Charlotte gauge is, therefore, 
283.23 — 38.95 = 244.28 feet. This is 0.07 feet above the zero of the 
Oswego gauge and is the same as heretofore deduced by comparison 
of water levels. 

These two determinations confirm the original determination of the 
light-house bench mark as made in 1875 by comparison of gauge read- 
ings at Oswego and Charlotte. It is apparent that the readings as 
given in the table (No. 10) from June, 1883, to December, 1895, inclu- 
sive, should be further reduced by 0.07 feet. This, however, does not 
satisfy all the anomalies of the Charlotte record. 

The elevation of the zero of the gauge at Toronto is determined from 
the following record for 1895, furnished by the city engineer, E. H. 
Keating, in comparison with Oswego. 



Monthly mean of the water as per gauge at the Queen^s Wharf for the year 1895, in inches 

helow the zero. 



[Toronto harbor commissioiiers' gauge.] 
Feet. 



January 10 

February 13 

March 12^ 

April 6i 

May 3i 

June 4.60 



Feet. 



July Si- 
August Ill- 
September lij- 

October 20 

November 22|^ 

December 21 



Annual mean, 12.3 inches=1.02 feet below the zero. 

The annual mean at Oswego for 1895 is 0.17 foot. The zero at 
Toronto is, therefore, 1.02+0.17=1.19 feet above the zero of the Oswego 
gaujze, or 244.21+1.19=245.401 feet above mean tide at New York City. 

The elevation of the lower miter sill of the entrance lock of the 
Eideau Canal at Kingston Mills is approximately determined by com- 
paring tbe mean of the extreme monthly readings as given in the 
annual reports of the department of railways and canals, Dominion 
of Canada, for the period July, 1893, to June, 1895, inclusive, with 
the mean at Oswego for the same period. 

The mean of all the readings at Kingston Mills is 7.85 feet. The mean 
for the same months at Oswego is 1.45 feet; the miter sill is, therefore, 
below zero of Oswego gauge <>.40 feet; the elevation of the miter sill is 
244.21 -r>.40=237.81 feet above mean tide at New York City. 



'Mr. Thos. Monro, from a comparison oftbo records for sixteen years — 1860-1875 — 
obtains an elevation of 245.36. (See *'Elevations of Great Lakes," etc.) — L. E. C. 



TABLES OF WATER LEVELS FOR THE GREAT LAKES AND 

ST. LAWRENCE RIVER/ 

Table No. 1.— Lake Michigan at Milwaukee, Wis., 1860-1885. 

Table No. 2. — Lake Huron at Point Anz Barques, Port Austin, and Sand Beaoh, Mich., 

1860-1895. 
Table No. 3. — Lake Superior at Superior, Wis., and Marquette, Mich., 1860-1895. 
Table No. 4. — St. Marys River at Sault Ste. Marie, Mich., above the locks, 1871-1895. 
Table No. 5.— St. Marys River at Sault Ste. Marie, Mich., below the locks, 1871-1895. 
Table No. 6.~Detroit River at Light-House Depot, Detroit, Mich., 1867-1881. 
Table No. 7.— Lake Erie at Cleveland, Ohio, 1860-1895. 
Table No. 8.— Lake Erie at Erie, Pa., 1860-1895. 
Table No. 9.— Lake Ontario at Oswegd, N. Y., 1860-1895. 
Table No. 10.— Lake Ontario at Charlotte, N. Y., 1860-1895. 

Table No. 11.— St. Lawrence River at Yalleyfield, Province of Quebec, 1860-1895. 
Table No. 12. — St. Lawrence River at Montreal, Province of Quebec, 1860-1895. 
Table No. 13.>-Lake Champlain at Fort Montgomery, N. Y., 1871-1895. 
Table No. 13a.— River Richelieu at St. Johns, Province of Quebec, 1863-1870.- 
Table No. 14. — St. Lawrence River at Montreal, Province of Quebec, 1850-1895. 
Table No. 15. — St. LawrcDce River from Prescott to Montreal, Provinces of Ontario 

and Quebec, for the years 1870 and 1895. 
Supplemental table. — Water Records for 1896. 

Table No. 1. — Lake Michigan^ at Milwaukee, Wis, 

[Monthly mean of water levels below the plane of reference of United Statea Lake Sarvey (hieh water 
of 183iB). Elevation of the plane of reference above mean tide at New York City is 5M.34 TeetJ 



Year. 




1860 

1861 

1862 

1863 

1864 

1863 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1896 



Mean (36 years) . 

Mean (25 years, 

1871-1895) .... 



Feet. 

2.18 

2.86 

2.36 

2.56 

3.00 

4.13 

4.22 

3.80 

4.24 

4.44 

3.67 

3.12 

4.34 

4.82 

3.21 

3.92 

3.30 

2.41 

2.71 

3.54 

3.89 

3.76 

3.03 

3.25 

2.66 

2.67 

2.06 

2.67 

3.48 

3.65 

4.08 

4.21 

4.87 

4.75 

4.47 

4.82 



3.53 
3.59 



Feb. Mar. ' Apr. 



Feet. 

2.00 

2.77 

2.51 

2.51 

3.14 

4.04 

4.46 

3.75 

4.28 

4.37 

3.48 

3.20 

4.34 

4.78 

2.92 

3.99 

3.10 

2.40 

2.78 

3.53 

3.98 

3.55 

3.04 

3.21 

2.54 

2.44 

2.04 

2.30 

3.53 

3.68 

4.12 

4.45 

4.68 

4.61 

4.44 

4.93 



Feet. 

1.97 

2.88 

2.21 

2.52 

2.89 

3.87 

4.41 

3.57 

3.60 

4.63 

3.18 

2.60 

4.56 

4.47 

2.77 

3.93 

2.77 

2.40 

2.62 

3.49 

3.94 

3.26 

2.67 

3.12 

2.29 

2.48 

1.76 

2.14 

3.35 

3.70 

4.14 

4.26 

4.78 

4.5U 

4.18 

4.96 



3.50 
3.64 



3.34 
3.41 



Feet. 

1.84 

2.28 

2.05 

2.52 

3.18 

3.38 

3.96 

3.28 

3.70 

4.26 

2.76 

2.40 

4.31 

3.90 

2.87 

3.57 

2.57 

2.02 

2.60 

3.50 

3.77 

2.35 

2.54 

2.91 

2.11 

2.29 

1.49 

2.19 

3.14 

3.69 

3.82 

3.95 

4.72 

4.04 

4.03 

4.76 



May. 



3.13 
3.18 



Feet 

1.72 

1.86 

1.80 

2.31 

2.67 

3.22 

3.78 

3.06 

3.42 

3.93 

2.42 

2.05 

4.06 

3.34 

2.89 

3.01 

1.95 

2.13 

2.30 

3.37 

3.43 

2.84 

2.44 

2.43 

1.90 

1.93 

1.23 

1.99 

2.76 

3.61 

3.59 

3.85 

4.30 

3.74 

3.49 

4.60 



June. 



Feet. 

1.6U 

1.70 

1.67 

2.22 

2.68 

3.18 

3.49 

2.75 

3.21 

3.40 

2.28 

2.01 

3.69 

2.71 

2.52 

2.77 

1.54 

2.06 

2.16 

3.30 

2.89 

2.61 

2.17 

2.07 

1.74 

1.72 

1.16 

1.86 

2.49 

3.15 

3.18 

3.70 

3.85 

3.41 

3.33 

4.55 



2.87 
2.93 



2.63 
2.67 



July. 



Feet. 
1.56 
1.57 
1.77 
2.27 
2.78 
2.75 
3.23 
2.60 
3.18 
3.02 
2.17 
1.98 
3.66 
2.75 
2.59 
2.80 
1.20 
2.09 
2.15 
3.21 
2.67 
2.64 
2.11 
1.47 
1.90 
1.63 
1.35 
1.92 
2.48 
2.97 
3.11 
3.87 
3.84 
3.39 
3.30 
4.66 



2.57 
2.63 



Aug. 



Feet. 

1.75 

1.83 

1.78 

2.40 

2.96 

2.73 

3.17 

2.67 

3.52 

2.76 

2.26 

2.21 

3.08 

2.65 

2.58 

2.63 

1.27 

2.21 

2.47 

3.40 

2.64 

2.64 

1.92 

1.50 

2.04 

1.42 

1.58 

2.06 

2.60 

3.21 

3.19 

3.94 

3.76 

3.56 

3.38 

4.78 



2.63 
2.68 



Sept. 


Oct. 


Nov. 


J-lvC* 


Feet. 


Feet. 


Feet. 


Feet. 


1.95 


2.26 


2.59 


2.75 


1.64 


1.76 


1.99 


2.16 


1.85 


1.96 


2.36 


2.49 


2.68 


2.67 


3.11 


2.77 


3.23 


8.62 


3.79 


3.92 


2.85 


3.09 


3.65 


3.96 


3.32 


3.43 


3.52 


3.78 


2.94 


3.27 


3.73 


4.08 


3.76 


3.99 


4.06 


4.34 


2.87 


3.28 


3.35 


3.63 


2.12 


2.52 


2.92 


3.27 


2.88 


3.57 


3.62 


4.21 


3.75 


3.87 


4.16 


4.82 


2.84 


2.90 


3.13 


3.17 


2.83 


3.18 


3.38 


3.72 


2.70 


2.86 


3.06 


3.26 


1.32 


1.90 


1.80 


2.27 


2.42 


2.41 


2.53 


2.69 


2.67 


2.78 


2.91 


3.23 


3.52 


3.74 


3.96 


3.93 


2.94 


3.28 


3.60 


3.77 


2.87 


2.54 


2.71 


2.81 


2.04 


2.46 


2.66 


2.99 


1.69 


1.91 


2.36 


2.44 


2.29 


2.29 


2.65 


2.68 


1.56 


1.70 


2.00 


2.29 


1.82 


1.92 


2.26 


2.59 


2.40 


2.85 


3.18 


3.30 


2.75 


3.00 


3.05 


3.63 


3.38 


3.63 


3.98 


4.16 


3.39 


3.50 


3.84 


4.19 


4.17 


4.63 


4.93 


4.99 


3.96 


4.20 


4.47 


4.74 


3.88 


4.02 


4.41 


4.48 


3.81 


4.02 


4.29 


4.64 


5.05 


5.42 


6.64 


6.76 


2.83 


3.06 


3.32 


3.65 


2.92 


3.14 


3.39 


3.63 



Mean. 



FeeL 
2.01 
2.03 
2.07 
2.64 
3.16 
3.40 
3.73 
3.29 
3.78 
3.66 
2.76 
2.82 
4.10 
3.46 
2.96 
3.21 
2.08 
2.31 
2.62 
3.54 
3.40 
2.88 
2.51 
2.36 
2.26 
2.01 
1.77 
2.41 
3.02 
3.57 
3.68 
4.24 
4.36 
4.07 
3.96 
4.99 



3.08 
3.14 



^ Compiled by Assistant Alex. £. Eastl. 
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Table Ko. 2. — Lake Huron, at Point Aux Barques, Port Austin, and Sand Beach, Mich.; 

Lake Michigan, at Milwaukee, Wis, 

[Monthly mean of water levels below the plane of reference of United States Lake Survey (high 
water of 1838). The Lake Michigan reoora was nsed onl.v from 1865 to 1870, inclasive, when there 
was no record kept on Lake Hnron. Elevation of the plane of reference above mean tide at New 
York is 584.34 feet.] 



Year. 



•1860a... 

1861d..; 

1862a 

1863a 

1864a 

18656 

18666 

18676 

18686 .., 

1869 6......... 

18706 

1871c 

1872c 

1873c 

1874 c 

1875d 

1876d 

1877(2 

1878 d 

1879d 

•1880d 

188ld 

1882d 

looo a.. .••........• 

1884d 

1885d 

1886 d. ............. 

1887d 

1888d 

1889d 

1890d 

1891d 

Ioo2 a. ............. 

1893d 

1894d 

1895d 

Mean (36 years). 
Mean (25 years, 
1871-1895) .... 



Jan. 



Feet. 
2.02 
2.86 

2.41 
2.49 
3.06 
4.13 
4.22 
3.80 
4.24 
4.44 
3.57 
(2. 83) 
3.86 
4.25 
3.13 
3.69 
3.11 
2.39 
2.79 
3.32 
3.80 
3.69 
2.90 
3.12 
2.29 
2.38 
2.18 
2.59 
3.51 
3.60 
4.07 
4.32 
4.92 
5.01 
4.62 
4.82 



3.46 
8.49 



i:eb. 



Feet. 
2.07 
2.82 
2.42 
2.64 
3.10 
4.04 
4.46 
3.75 
4.28 
4.37 
3.48 
(2. 91) 
4,06 
4.28 
2.99 
3.75 
3.13 
2.40 
2.96 
3.56 
3.86 
3.30 
3.13 
3.17 
2.44 
2.47 
2.11 
2.40 
3.60 
3.68 
4.19 
4.43 
4.98 
5.06 
4.61 
4.94 



Mar. 



3.50 
3.54 



Feet. 
1.93 
2.68 
2.51 
2.69 
3.10 
3.87 
4.41 
3.57 
3.60 
4.63 
3.16 
(2. 31) 
(4. 17) 
4.21 
2.85 
3.71 
3.00 
2.47 
2.79 
3.60 
3.87 
3.29 
2.99 
3.13 
2.40 
2.47 
1.92 
2.19 
3.43 
3.70 
4.21 
4.46 
4.92 
4.98 
4.46 
4.93 



Apr. 



3.41 
3.46 



Feet. 
1.96 
2.48 
2.80 
2.62 
2.90 
3.38 
3.96 
3.28 
3.70 
4.26 
2.76 
(2. 11) 
4.14 
3.80 
3.00 
3.52 
2.72 
2.39 
2.86 
3.57 
3.86 
3.27 
2.77 
3.12 
2.09 
2.36 
L63 
2.28 
3.29 
3.77 
4.07 
4.13 
4.84 
4.60 
4.23 
4.83 



May. 



June* 



Feet. 
1.91 
1.86 
1.93 
2.30 
2.47 
3.22 
3.78 
3.06 
3.42 
3.93 
2.42 
(1.76) 
3.74 
3.30 
2.95 
3.17 
2.12 
2.22 
2.46 
3.44 
3.46 
2.95 
2.60 
2.55 
1.87 
L96 
1.30 
2.08 
2.85 
3.63 
3.76 
3.89 
4.71 
3.97 
3.83 
4.66 



3.25 
3.33 



2.93 
3.01 



July. 



Aug. 



Feet. ' 
L67 
L52 
1.81 
2.17 
2.46 
8.18 
8. '49 
2.76 
3.21 
3.40 
2.28 
(1. 72) 
3.34 
2.90 
2.61 
2.86 
1.63 
2.26 
2.29 
3.30 
2.97 
2.78 
2.37 
2.13 
1.81 
1.67 
1.21 
1.96 
2.55 
3.30 
3.33 
3.94 
4.18 
3.22 
3.53 
4.59 



2.68 
2.74 



Feet. 
L58 
1.40 
L76 
2.26 
2.51 
2.75 
3.23 
2.60 
3.18 
3.02 
2.17 
(1. 69) 
3.24 
2.70 
2.45 
2.67 
1.19 
2.08 
2.25 
3.26 
2.66 
2.63 
2.23 
1.U5 
L73 
L61 
1.37 
1.88 
2.52 
3.04 
3.14 
3.91 
3.89 
3.50 
3.38 
4.62 



2.55 
2.61 



Feet. 
L66 
L29 
1.78 
2.25 
2.62 
2.73 
3.17 
2.67 
3.52 
2.76 
2.26 
2.29 
3.27 
2.69 
2.56 
2.70 
1.25 
2.18 
2.35 
3.39 
2.77 
2.80 
2.17 
L45 
L85 
1.46 
L52 
2.09 
2.48 
3.10 
3.14 
4.01 
3.81 
8.64 
3.65 
4.71 



Sept. 



2.61 
2.69 



Feet. 
L85 
1.37 
2.00 
2.39 
2.94 
2.85 
3.32 
2.94 
8.76 
2.87 
2.12 
2.61 
3.37 
2.86 
2.72 
2.66 
1.86 
2.45 
2.64 
3.47 
2.88 
2.96 
2.29 
1.77 
2.20 
1.56 
1.70 
2.44 
2.78 
3.27 
3.41 
4.20 
3.98 
3.93 
3.84 
4.84 



2.79 
2.89 



Oct. 



Feet. 
2.23 
L59 
L72 
2.65 
(3. 47) 
3.09 
3.43 
3.27 
3.99 
3.23 
2.52 
3.11 
3.49 
2.89 
2.96 
2.85 
1.76 
2.59 
2.63 
3.71 
3.24 
2.71 
2.52 
2.10 
2.04 
1.79 
1.83 
2.66 
3.07 
3.64 
3.02 
4.57 
4.19 
4.14 
4.08 
5.13 



Nov. 



3.01 
3.09 



Feet. 
2.36 
L90 
2.04 
2.69 
(3.64) 
3.65 
3.52 
3.73 
4.06 
3.35 
2.92 
3.32 
3.79 
2.99 
3.23 
2.96 
L91 
2.64 
2.82 
3.83 
3.36 
2.58 
2.77 
L99 
2.39 
1.98 
2.10 
3.11 
3.26 
3.98 
3.82 
4.88 
4.52 
4.37 
4.27 
5.52 



Dec. 



3.23 
3.30 



Feet. 
2.65 
2.03 
2.83 
2.92 
(3. 77) 
3.96 
3.78 
4.08 
4.34 
3.63 
3.27 
3.69 
4.08 
3.15 
3.48 
3.23 
2.10 
2.69 
3.02 
3.85 
3.56 
2.75 
2.92 
2.10 
2.65 
2.18 
2.42 
3.40 
3.46 
4.14 
4.12 
4.94 
4.76 
4.57 
4.57 
5.76 



3.45 
3.60 



Mean. 



Feet. 

 1.99 
1.98 
2.08 
2.51 
3.00 
3.40 
3.73 
3.29 
3.78 
3. 66 
2.75 
2.53 
3.71 
3.34 
2.91 
3.15 
2.11 
2.40 
2.66 
3.53 
3.36 

2.64 
2.36 
2.15 
1.99 
1.77 
2.42 
3.07 
3.57 
3.74 
4.31 
4.48 
4.25 
4.09 
4.95 



a Point Aux Barques, Mich. 
6 Milwaukee, Wis. 



e Vart Austin, Mich. 
dSand Beach, Mich. 



3.07 
3.14 



NoTB. — ^Interpolated monthly means are indicated by parentheses, and are found for any year by 
taking the corresponding monthly means at Milwaukee, wis., and correcting the same by the average 
difference between the observed monthly means at Point Aux Barques or Port Austin for that year 
and the corresponding observed monthly means at Milwaukee, Wis. 
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Table No. 3. — Lake Superior, at Superior, Wis,, and Marquette, Mioh. 

[ontbly mean of water levels below tiie plane of reference of United States Lake Snrvey (high wat 
of 1838). Elevation of the plane of reierence above mean tide at New York City is 604. 76 feet.] 



Tear. 



1860a.. 
1861a.. 

1862 a.. 

1863 a.. 

1864 a.. 
1865a.. 

1866 a.. 

1867 a.. 

1868 a.. 

1869 a.. 

1870 a.. 
1871a.. 

1872 6.. 

1873 6.. 

1874 6.. 

1875 6.. 

1876 6.. 

1877 6. . 

1878 6.. 

1879 6.. 

1880 6.. 
18816.. 

1882 6. . 

1883 6.. 

1884 6.. 

1885 6.. 

1886 6.. 

1887 6.. 

1888 6.. 

1889 6.. 

1890 6.. 
18916.. 
18926.. 

1893 6.. 

1894 6.. 

1895 6.. 



Mean (36 years). 3.37 
Mean (25 years, 



Jan. 



Feet. 

(2.77) 

(2.73) 
3.02 
3.05 
8.40 
3.74 
3.47 
3.01 
3.13 
3.11 
2.89 
3.85 
3.85 
3.20 

(3. 17) 
3.04 
2.84 
2.63 
3.12 

(3.82) 

(4.44) 
3.51 
3.07 
3.33 

(3.56) 
3.34 
3.60 
3.85 
3.82 
3.25 
3.56 
3.68 
3.90 
4.22 
3.47 
2.82 



1871-1895) 



Feb. 



Feet. 

(3. 02) 
3.06 
3.21 
3.18 
3.61 
3.75 
3.68 
3.12 
8.72 
3.35 
3.10 
4.45 
3.96 

(3. 65) 
3.19 
3.08 
3.05 
2.87 
3.00 
3.86 

(4.48) 
3.61 
3.32 
3.62 

(3. 59) 
3.52 
3.73 
3.83 
3.81 
3.47 
3.69 
3.81 
4.18 
4.31 
3.65 
3.04 



Mar. 



Feet. 

(3.02) 

I 3.20 
3.18 
3.35 
3.54 
3.88 
3.68 
3.31 
3.36 
3.80 
3.09 
4.03 
4.08 

(3.62) 
3.23 
3.04 
3.14 
3.13 
3.77 
3.56 

(4. 57) 
3.70 
3.43 
3.62 

(3.71) 
3.60 
3.79 
3.52 
3.88 
3.64 
3.93 
3.85 
4.31 
4.26 
3.56 
3.21 



Apr. 



8.48 



3.54 
3.63 



3.60 
3.69 



Feet. 
2.62 
2.79 
3.12 
3.31 
3.52 
3.44 
3.23 
3.09 
3.17 
3.22 
2.99 
3.53 
4.18 

(3.61) 
3.13 
3.04 
3.11 
3.21 
3.80 
3.95 

(4. 54) 
8.79 
3.51 
3.37 
4.00 
3.65 
3.70 
3.35 
3.88 
3.63 
3.96 
3.89 
4.30 
4.16 
3.41 
3.31 



May. 



Feet. 
2.29 
2.16 
2.44 
3.18 
3.36 
2.95 
2.98 
3.09 
2.77 
2.82 
2.66 
3.00 
3.53 
3.01 
3.06 
2.82 
2.57 
3.22 
3.53 
4.31 
(3. 85) 
3.49 
3.35 
3.36 
3.78 
3.32 
3.45 
3.56 
3.41 
3.28 
3.75 
3.69 
3.97 
3.66 
2.63 
2.94 



June. 



3.51 
3.68 



3.20 
3.38 



Feet. 
2.12 
2.01 
2.45 
3.26 
3.21 
2.54 
2.79 
2.49 
2.86 
2.81 
2.85 
2.88 
3.15 
2.71 
2.86 
2.46 
1.89 
3.00 
3.25 
4.08 
3.02 
3.05 
3.33 
3.26 
3.58 
3.04 
3.31 
3.40 
2.63 
3.16 
3.30 
3.64 
3.59 
3.14 
2.41 
12.62 



Jnly.JAng. 



I 



2.95 
3.07 



— (- 



Feet. 
2.16 
1.85 
2.48 
3.12 
3.12 
2.22 
2.50 
2.16 
2.64 
2.44 
2.66 
2.81 
2.88 
2.42 
2.48 
2.47 
1.50 
2.62 
3.18 
3.84 
2.87 
2.99 
2.88 
3.01 
3.44 
2.80 
3.24 
3.12 
2.44 
2.97 
3.00 
3.44 
3.66 
2.84 
2.35 
2.42 



Feet. 
2.11 
1.89 
2.31 
2.60 
3.11 
2.14 
2.27 
2.28 
2.72 
1.98 
2.66 
2.75 
2.71 
2.24 
2.39 
2.38 
1.39 
2.56 
3.30 
3.72 
2.88 
2.04 
2.76 
2.99 
3.43 
2.68 
3.33 
3.04 
2.30 
2.78 
2.85 
(3. 37) 
3.44 
2.78 
2.22 
2.37 



2.75 I 2.65 
2.86 2.78 



Sept. 



Feet. 
2.13 
1.98 
2.19 
2.48 
2.96 
2.13 
2.54 
2.20 
2.59 
1.13 
2.49 
2.65 
2.55 
2.18 
2.29 
2.15 
1.50 
2.72 
3.47 
3.83 
2.88 
2.71 
2.72 
3.03 
3.16 
2.75 
3.35 
3.18 
2.35 
2.65 
2.72 
(3. 43) 
3.39 
2.87 
2.30 
2.23 



Oct. 



2.61 
2.76 



Feet. 
2.09 
1.95 
2.26 
2.65 
8.22 
2.34 
2.52 
2.22 
2.62 
1.65 
2.65 
2.72 
2.65 
2.28' 
2.23 
2.30 
1.83 
2.72 
3.40 
3.74 
2.93 
2.37 
2.89 
3.23 
2.80 
2.92 
3.25 
3.25 
2.44 
2.81 
2.75 
(3. 38) 
3.49 
2.90 
2.28 
2.18 



Nov. 



Feet. 
2.26 
2.29 
2.59 
3.00 
3.41 
2.87 
2.85 
2.65 
2.46 
1.99 
2.83 
2.79 
2.80 
2.42 
2.41 
2.44 
1.99 
2.93 
3.60 
3.82 
2.99 
2.44 
2.91 
3.38 
2.90 
3.07 
3.40 
3.49 
2.58 
3.12 
2.96 
(3. 49) 
3.66 
3.06 
2.33 
2.47 



Dec. 



Feet. 

(2. 62) 
2.67 
2.86 
3.11 
3.56 
3.18 
2.74 
2.97 
2.89 
2.64 
3.76 
3.53 
3.10 
2.72 
2.72 
2.64 
2.27 
3.00 
3.92 

(4. 12) 
3.25 
2.72 
3.10 
3.49 
3.11 
3.40 
3.54 
3.71 
2.93 
3.42 
3.32 
3.90 
3.94 
3.29 
2.52 
2.80 



Mean. 



Feet. 
2.43 
2.38 
2.68 
3.02 
3.34 
2.93 
2.94 
2.72 
2.91 
2.58 
2.89 
8.26 
3.29 
2.84 
2.76 
2.65 
2.26 
2.88 
3.45 
3.89 
3.56 
3.11 
3.11 
3.31 
3.42 
3.17 
3.47 
3.44 
3.04 
3.18 
3.32 
3.63 
3.81 
3.46 
2.76 
2.70 



2.66 2.85 I 3.15 ! 3.07 
2.79 2.94 3.22 I 8.19 



a Superior, Wis. 



6 Marquette, Mich. 



Note. — Interpolated monthly means are indicated by parentheses, and for the Superior, Wis., record 
are found for any year by taking the mean of the montnly means for each month in the ten -year series, 
1862 to 1871, and'correcting the same by the average difference between the observed monthly means 
for that year and the corrcHponding means of the monthly means in the ten-year series. 

This method was adopted because there are no corresponding records at other places. 

'* There is an uncertainty of 0.4 foot in the elevation of the zero of the gauge at Superior, Wis., for 
thevears 1860-1871 (see Report Chief of Engineers, U. S. A., 1873, pp. 157, 159), and the possible alter- 
native would make the water surface 0.4 foot lower than is given m Table No. 3." (From letter of 
Min. Clinton B. Sears, Corps of Engineers, IT. S. A., dated June 30, 1896.) 

The Superior, Wis., record here used U that finally adopted by the United States Lake Survey in 1876. 

Interpolated monthly means, indicated by parentheses, for tne Marquett« record are found for any 
year by taking the corresponding monthly means at Sault Ste. Marie, Mich., and correcting the same 
by the average difference between the observed monthly means at Marquette for that year and the 
corresponding observed monthly means at Sault Ste. Marie, Mich. 
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Table No. 4.-^5Se. Afisr^ Biver itbave ike Io€$b9 mt Saiilt Ste, Mariey Mich. 

IConthly mean of water levelii belov the nlane of referenee of United StAtee Lake Saryey (fairh wator 
of ISSS), Elevation of the plane of rererenoe above mean tide at New York City ia 604.18 zeet.] 



Year. 



Ao vO •«««•«••••••«• 

1874 

1875 

18TB 

Aoff f ••*«■•••«•■••• 
lo T o ••••••••.••■•• 

1879 

1880 

1881 

loKi •■••••■.-••••• 
Aooo •••••••••••••. 

1884 

1885 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

X895 

Mean (25 years) 



Jan. 


Feb. 


Mar. 


Feet. 


Feet, 


Feet. 


3.60 


8.75 


4.02 


8.81 


8.90 


4.13 


3.47 


8.65 


3.62 


3.29 


8.45 


3.56 


3.06 


8.31 


3.36 


3.12 


3.17 


8.37 


2.92 


2.90 


3.01 


3.29 


3.55 


3.64 


3.94 


4.34 


4.58 


4.43 


4.47 


4.56 


3.56 


8.66 


3.63 


8.29 


3.49 


3.59 


8.61 


3.72 


3.70 


3.65 


3.68 


3.80 


3.54 


3.63 


3.76 


3.75 


3.92 


3,92 


3.82 


8.92 


3.99 


3.82 


4.17 


4.12 


3.43 


3.72 


3.70 


3.48 


4.03 


4.04 


4.10 


3.99 


4.13 


3.95 


4.80 


4.48 


4.17 


4.37 


4.36 


3.73 


3.81 


3.92 


2.96 


8.09 


3.30 


3.59 


3.76 


3.85 



Apr. 



Feet. 
3.80 
4.18 
3.81 
3.68 
3.11 
3.89 
8.14 
8.66 
4.45 
4.53 
3.75 
8.63 
3.64 
4.08 
8.94 
3.94 
4.12 
4.13 
3.71 
4.10 
3.96 
4.33 
4.11 
3.53 
3.32 



May. 



June. 



F4et. 

3.81 

8.29 

3.05 

8.15 

2.80 

2.66 

3.20 

8.61 

4.08 

8.84 

8.32 

3.24 

3.63 

3.61 

3.39 

8.46 

3.76 

3.52 

3.14 

3.64 

3.53 

3.82 

3.54 

2.56 

2.91 



Fe€t. 
2.90 
8.11 
2.85 
2.88 
2.52 
2.01 
2.91 
3.13 
3.93 
3.03 
8.09 
3.14 
3.29 
3.62 
3.02 
3.30 
3.32 
2.68 
2.97 
8.02 
3.58 
3. 46 
3.00 
2.32 
2.53 



July. 



3.83 ' 3.36 



3.02 



Feet. 

2.73 

2.72 

2.85 

2.45 

2.41 

1.61 

2.58 

3.02 

3.70 

2.80 

2.89 

2.80 

8.09 

3.38 

2.84 

3.11 

2.95 

2.52 

2.70 

2.70 

3.47 

3.32 

2.81 

2.18 

2.29 



Ang. 



2.78 



Feet. 

2.81 

2.39 

2.15 

2.40 

2.40 

1.57 

2.47 

3.06 

8.61 

2.93 

2.97 

2.71 

2.74 

8.84 

2.63 

2.96 

8.06 

2,52 

2.60 

2.79 

3.46 

3.31 

2.72 

2.17 

2.27 



2.73 



Sept. 



Feet. 
2.75 
2.33 
2.09 
2.41 
2.12 
1.53 
2.71 
3.35 
8.69 
2.77 
2.79 
2.79 
3.02 
3.28 
2.88 
3.13 
3.21 
2.6U 
2.70 
2.90 
3.52 
3.25 
2.85 
2.30 
2.10 



Oot. 



Nov. 



Dec. 



Feet. 
2.95 

2.48 
2.25 
2.28 
2.25 
1.87 
2.67 
3.23 
8.66 
2.99 
2.32 
2.86 
3.18 
3.19 
3.03 
3.15 
3.03 
2.62 
2.84 
2.64 
3.47 
3.36 
2.91 
2.26 
1.98 



2.76 ; 2.78 



Feet. 
3.18 
2.62 
2.33 
2.41 
2.53 
2.15 
2.91 
3.32 
3.84 
2.97 
2.43 
2.92 
3.33 
3.14 
3.11 
3.16 
3.26 
2.82 
3.14 
3.10 
3.58 
3.64 
2.97 
2.36 
2.50 



Feet 
8.57 
3.08 
2.64 
2.61 
3.00 
2.63 
3.07 
3.54 
4.24 
3.24 
2.81 
3.21 
3.58 
3.38 
3.41 
3.57 
3.67 
3.16 
3.53 
3.41 
3.84 
3.02 
3.50 
2.06 
2.71 



Mean. 



Feet. 
3.20 
8.17 
2.84 
2.88 
2.75 
2.42 
2.87 
3.37 
4.01 
3.55 
3.10 
3.14 
3.37 
3.51 
3.27 
3.45 
3.51 
3.22 
3.10 
3.32 
3.72 
3.76 
3.44 
2.82 
2.66 



2.95 



3. 28 3. 23 



Note. — A table giving elevations above mean tide at New York ban been compiled by the United 
States Engineer office at Detroit and containB many minor variations from the above. Most of these 
are Bmall, and such as may be due to a different method of redaction, and only six exceed 0.10, the 
largest being 0.22. 



Table No. b.-'St, Marys Biver below the locks at Sault Ste. Marie, Mich, 

i plane of reference whi< 
;ide at New York City.] 



[Monthly mean of water levels above a plane of reference which is 0.58 feet below the plane of mean 

tide 



Year. 



1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

1881 „ 

1882 

1883 

1884 

1885 

1887 

1888 

1889 

1891 

1892 

1893 

1894 

1895 

Mean (25 years). 





Feet. 
584.26 
583. 88 
585. 10 
586. 04 
586. 35 
584.92 
585.29 

583. 98 
584.30 
583.14 
584.29 
584.71 
584. 52 
584. 06 
584.92 
584.28 
583. 91 
583. 36 
583.76 
583.99 
583. 10 
582. 52 

581. 99 
582. 65 
583. 16 



Mar. 



Feet. I Feet. 

584. 26 584. 20 
583. 70 583. 76 
585. 54 585. 23 

585.27 585 
585. 88 585 
584. 91 585 
584. 78 584 
583. 77 583 
583. 66 583. 52 
583. 3G!583. 28 
584. 38,584. 36 
584. 51 '584. 24 
584.61584.59 
584. 13 584. 43 




10 
89 
36 
60 
55 



585.51 



585. 



584.10 



39 
584.35 584.47 
583. 94 584. 03 
583. 36,583. 64 
583.57 583.42 
583. 56;583. 47 
583. 10 583. 01 
582. 47 '582. 48 
582.05 582.16 
582.62 582.79 
583. 56 583. 07 



584.03 



Feet. 
583.81 
583. 37 
584.31 
584. 47 
584. 92 
585.19 
584.28 
583.52 
582. 94 
582.79 
583. 61 
583.78 
583.84 
583. 72 
584.87 
584.47 
584. 02 
583. 76 
582. 74 
582. 85 
582. 74 
581.79 
582. 11 
582. 39 
,582. 26 





Feet. Feet. 

584. 231584. 45 

583. 29 583. 63 



583. 69 
583. 79 



584.06 
584. 14 



583. 96|584. 33 
584.951585.47 
584.131584.83 
583.79,584.06 
582.70 582.82 



583. 12 
583. 55 
583. 74 
583.56 
583.92 



583.88 
583. 87 
5S4.02 
584.07 
584. 09 



584. 38 584. 49 
584. 47 584. 60 
683.89 584.02 
583.50 583.85 
583. 00 583. 39 
582. 73|583. 18 
582. 59 582. 54 
582. 04582. 53 
582. 26 582. 88 
582. 87 583. 07 
582.01582.28 



July. 



Feet. 

584.70 

583.91 

584.48 

584.41 

584. 47 

585. 91 

584. 67 

584.24 

583. 14 

584.25 

584.06 

584.40 

584.55 

584. 12 

584.67 

584. 66 

584.28 

58.3.85 

583.71 

583.55 

582. 76 

583.00 

583.09 

583. 18 

582. 42 



Aug. 



584. 00 583. 54 583. 45 583. 76 



Feet. 
584. 60 
584. 15 
584.74 
584.65 
584.67 

586. 04 
584. 75 
584. 13 
583.25 
584.16 

584. 05 
584.53 
584.71 
584.19 
584. 77 

584. 57 
584. 19 
583.83 
583.82 

583. 58 
582. 79 

583. 12 
582. 93 

583. 13 
582.53 



Sept. 



Feet. 

584.28 
584. 27 
584. 75 
584. 66 
584.81 
585.91 
584. 51 
583.94 
583.16 
584. 12 
584.17 
584.47 
584.54 
584. 27 
584. 82 

Do4« D4 

583. 98 
583. 93 
583.81 
58.i. 56 
582. 62 
583. 08 
582. 81 
583.02 
582.64 



Oct. 



Feet. 
583.98 
584.11 
584.76 
584.62 
584.68 
585.54 
584.46 
584.02 
583. 13 
584.08 
584.49 
584.28 
584.33 
i584.48 
584.54 
584.47 
583.80 
583. 92 
583.43 
583.38 
582. 52 
582.71 
582. 82 
582.93 
582.66 




Dec. 



Feet. 
583.44 
584.00 
584.43 
584.38 
584.62 
585.23 
584.22 
583.52 
582.85 
583.94 
584.56 
584.06 
584.17 
584.24 
584.27 
584.22 
583.35 
583.64 
582. 05 
583.21 
582. 35 
582.25 
582.72 
582.82 
582.03 



Mean. 



Feet. Feet. 
584. 04 584. 19 
584. 53 583. 88 
584. 311584. 62 
584. 45 584. 66 
584. 95 584. 96 
586.19 585.47 

584.12 584.51 
583. 73 583. 85 
582. 99 583. 20 
584. 21 583. 69 
584. 16 584. 13 
583.92584.22 
584. 07 584. 30 

584. 13 584. 15 
584.01584.72 
583.99 584.43 
583. 15 583. 88 
583. 51 583. 68 
582. 68 583. 36 
582.98 583.34 
582. 21 582. 69 
581.81582.48 
582. 51 '582. 53 
582.59 582.84 
581.89 582.54 



584.02 584.07 



•I- 



584. 03,583. 93 583. 66:583. 65.588. 85 
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Table No. e.—VetnHt Bwer at JUghUBouu Depot at Detroit, Mich, 

kionttaly mesn of water levels below the plane of reference of United States Lake Survey (higl 
water of 1888). Elevation of the plane ef reference above mean tide at New York City ii 577.62 Ibet. J 



Year. 



1887 



AO fv •••««•*••••••• 

1871 

lo7Z •••••■■••••••• 

1874 

1875 

1878 

1877 

Xo lo •••••••••••••• 

1879 

1880 

1881 

Mean (15 years) 



Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Feet. 


Feet. 


Feet. 


Feet. 


Feet 


Feet. 


Feet. 


Feet. 


(2.38) 


(2. 70) 


(2.30) 


(1.98) 


1.70 


1.36 


1.39 


1.60 


(3.58) 


(3.96) 


(3. 37) 


2.59 


2.15 


1.85 


1.90 


2.22 


(3. 67) 


(3.74) 


(3.26) 


2.91 


2.93 


2.22 


L77 


1.74 


(2.26) 


(2. 03) 


(2. 26) 


2.03 


L63 


1.55 


1.29 


1.95 


(2. 32) 


(2. 65) 


1.73 


1.81 


L57 


1.54 


1.46 


1.64 


(2.98) 


(3. 22) 


(3. 31) 


2.98 


2.75 


2.34 


2.28 


2.35 


8.66 


3.46 


3.40 


2.23 


L97 


1.85 


1.72 


1.75 


2.43 


3.14 


2.83 


1.88 


L94 


L78 


1.58 


L68 


2.76 


2.89 


2.78 


2.81 


2.40 


2.20 


2.02 


1.97 


2.52 


2.20 


L94 


1.30 


.93 


.79 


.57 


.74 


1.01 


a2.38 


8.85 


2.36 


2.U 


1.76 


1.56 


1.61 


1.96 


63.64 


2.33 


1.64 


1.47 


1.42 


1.33 


1.55 


2.58 


8.68 


2.89 


2.49 


2.38 


2.20 


2.10 


2.31 


2.59 


3.02 


2.60 


2.44 


2.26 


1.88 


1.72 


L84 


3.51 


3.07 


3.05 


2.44 


2.09 


1.80 


1.79 


L91 


2.68 

1 


8.05 


2.76 


2.26 


2.02 


L77 


L63 


1.75 



Feet. 
1.91 
2.47 
1.95 
1.67 
1.92 
2.55 
2.10 
2.04 
2.11 
.95 
1.76 
1.65 
2.50 
2.09 
2.19 



1.98 2.33 



Nov. 


Deo. 


Feet. 


Feet. 


2.78 


2.98 


3.08 


8.12 


2.78 


(2. 67) 


2.22 


2.30 


2.68 


(3. 11) 


3.14 


3.35 


2.47 


2.19 


2.83 


2.87 


2.48 


2.53 


1.48 


al.72 


2.09 


2.14 


2.13 


1.76 


3.10 


2.87 


2.61 


1.97 


(2.62) 


(2.41) 


2.57 


2.53 



Mean. 

Feet. 
2.11 
2.76 
2.67 
1.87 
2.08 
2.83 
2.48 
2.24 
2.45 
1.38 
2.06 
1.90 
2.66 
2.29 
2.44 

2.28 



a River dammed up by ice below the city. 

b At Port Huron the St. Clair Kiver was dammed up by ice. 

KoTB. — Interpolated monthly means are indicated by parentheses, said are found for any year by 
taking the corresponding: monthly means at Cleveland, Onio, and correcting the same by the averaee 
difference between the observed monthly means at Detroit for that year and the corresponding montMy 
means at Cleveland, Ohio. 

Table No. 7. — Lake Erie at Cleveland, Ohio. 

[Monthly mean of water levels below the plane of reference of United States Lake Survey (high water 
of 1838). Elevation of the plane of reference above mean tide at New York is 575.20 feet.] 



Year. 



1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

1867. 

1868. 

1^60 . c 

1870 . 

1871. 

1872. 

1873. 

1874. 

1875. 

1876.. 

1877., 

1878.. 

1879. 

1880. 

1881.. 

1882.. 

1883.. 

1884.. 

1885.. 

1886.. 

1887.. 

1888.. 

1889.. 

1890.. 

1891.. 

1892.. 

1893. 

1804.. 

1895.. 



Mean (36 years). 
Mean (25 years, 
1871-1886) ... 



Jan. 


Feb. 


Feet. 


Feet. 


L85 


2.21 


2.50 


2.78 


L68 


L97 


L65 


L36 


3.02 


2.87 


3.10 


3.68 


3.33 


3.49 


2.77 


3.09 


3.69 


4.07 


3.46 


8.53 


2.22 


L99 


2.66 


2.99 


8.53 


3.77 


3.95 


3.94 


2.06 


2.01 


3.54 


3.71 


2.75 


2.19 


(8.36) 


2.52 


2.29 


2.15 


2.60 


2.74 


2.57 


2.53 


(3.50) 


(3.39) 


2.00 


2.00 


2.83 


2.62 


2.82 


2.06 


2.84 


2.05 


L56 


2.29 


2.49 


2.07 


2.84 


3.11 


2.80 


2.96 


2.73 


2.44 


2.80 


2.82 


3.80 


4.01 


3.94 


3.86 


3.27 


8.39 


3.8K 


4.11 


2.81 


2.88 


2.88 


2.91 



Mar. 

Feet. 
L81 
2.34 
L83 
1.42 
2.66 
8.36 
3.10 
2.69 
3.48 
3.05 
2.22 
2.54 
3.86 
3.87 
L08 
3.57 
L54 
2.75 
2.02 
2.71 
2.39 
(3.07) 
L55 
2.43 
L87 
3.19 
2.48 
L26 
3.01 
3.12 
2.32 
2.86 
3.97 
3.64 
3.86 
4.10 



Apr. May 



Feet. 
LU 
1.30 
.93 
L30 
2.16 
2.64 
2.52 
2.37 
2.65 
2.75 
L57 
2.06 
3.66 
2.59 
L81 
8.17 
L02 
2.32 
LOO 
2.35 
2.23 
2.37 
L33 
2.31 
L32 
2.37 
1.60 
L24 
2.38 
2.77 
L83 
2.49 
3.41 
2.91 
2.96 
3.85 



2.69 
2.76 



2.20 
2.82 



Feet. 
0.90 
.87 
.69 
L12 
L46 
2.06 
2.30 
L85 
2.20 
2.20 
L36 
L79 
3.22 
L92 
L72 
2.70 
.70 
2.07 
1.34 
2.20 
L96 
L97 
1.13 
L85 
L05 
L64 
L30 
LOO 
2.13 
2.59 
L49 
2.67 
2.61 
2.07 
2.57 
3.68 



L84 
L96 



June 


July 


Aug. 
Feet. 


Sept. 
Feet. 


Oct. 


Nov. 


Feet. 


Feet. 


Feet. 


Feet. 


0.98 


L19 


1.35 


L69 


L99 


2.08 


.80 


LOS 


LOl 


L19 


1.42 


L44 


.69 


.72 


LIO 


1.41 


L79 


2.13 


L26 


L38 


L46 


L85 


2.29 


2.70 


L51 


L77 


2.04 


2.26 


2.57 


2.74 


2.08 


2.12 


2.20 


2.24 


2.54 


2.92 


2.04 


L93 


2.18 


2.24 


2.25 


2.49 


L54 


L73 


2.04 


2.43 


2.77 


8.27 


L81 


L84 


2.36 


2.63 


3.08 


3.24 


L81 


L53 


L63 


1.90 


2.35 


2.81 


L39 


L35 


L40 


L65 


2.03 


2.83 


L76 


L78 


L99 


2.16 


2.83 


3.01 


2.85 


2.86 


2.89 


3.12 


3.29 


3.62 


L84 


L86 


1.92 


2.32 


2.62 


2.82 


L65 


L62 


L78 


2.24 


2.68 


3.10 


2.27 


2.14 


2.15 


2.29 


2.78 


2.98 


.59 


.70 


LOO 


L17 


L70 


L62 


L99 


L75 


L89 


L97 


2.87 


2.45 


L84 


L34 


L58 


L71 


2.06 


2.26 


2.11 


2.08 


2.30 


2.63 


2.86 


8.38 


1.85 


L76 


2.00 


2.23 


(2.67) 


(2. 75) 


L73 


L78 


2.10 


2.45 


2.50 


2.68 


.98 


L05 


L19 


L46 


LOl 


2.23 


L15 


.95 


LOl 


L32 


L64 


2.02 


.97 


L19 


1.85 


L78 


2.11 


2.59 


L13 


L17 


L16 


L31 


L41 


L53 


L20 


L22 


L43 


L67 


L90 


2.31 


L03 


L27 


L59 


L82 


2.41 


2.68 


2.00 


1.85 


L95 


2.39 


2.76 


2.70 


2.16 


L96 


2.27 


2.66 


8.08 


3.35 


L12 


1.50 


L94 


2.13 


2.32 


2.85 


2.53 


2.63 


2.90 


3.08 


3.46 


8.90 


L85 


L73 


2.08 


2.40 


2.06 


8.29 


1.88 


2.16 


2.50 


2.88 


3.28 


8.63 


2.26 


2.38 


2.75 


2.92 


8.24 


8.48 


3.54 


3.65 


3.78 


8.88 


4.31 


4.41 


L66 


L69 


LOO 


2.15 


2.51 


2.76 


L75 


L78 


L98 


2.24 


2.60 


2.84 



Dec. Mean. 



Feet. 
2.24 
L67 
2.10 
2.73 
2.67 
3.06 
2.48 
3.49 
3.45 
2.46 
2.45 
8.45 
8.85 
2.45 
8.31 
2.71 
L96 
2.37 
2.18 
3.07 
(8.09) 
2.47 
2.74 
L99 
2.66 
L58 
2.26 
2.66 
2.82 
3.09 
2.58 
3.83 
8.56 
8.55 
8.55 
4.25 



2.80 
2.88 



Feet. 
L61 
L53 
L42 
L71 
2.31 
2.67 
2.58 
2.50 
2.88 
2.46 
L83 
2.42 
8.38 
2.67 
2.16 
2.83 
L41 
2.23 
L82 
2.58 
2.34 
2.60 
LOS 
L84 
L77 
L87 
L77 
L80 
2.50 
2.78 
2.06 
2.96 
2.97 
3.02 
8.01 
8.94 



2.82 
2.41 



NoTK.— Interpolated monthly means are indicated by parentheses, and are found for any year by 
taking the corresponding monthly means at Erie, Pa., and correcting the same by the average differ- 
«noe Mtween the observed montluy means at Cleveland for that year and the Corresponding observed 
monthly means at Erie, Pa. 
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Table No. S.—Lake Erie at Erie, Pa. 

[Monthly mean of water levels below the plane of reference of United States Lake Survey (hish water 
of 1838). Elevation of the plane of reference above mean tide at New York City is 575.20 feet.] 



Year. 


Jan. 


Feb. 


1 

Mar. j 

1 


Apr. 


May. 

1 


Jane. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


1 
Dec. ; 

1 

Feet, i 

2.07  

1.65 ' 

2.01 

3.05 

2.31 

2.77 

2.16 

2.87 

2.84 

2.13 

2.33 

2.88 

3.60 

2.16 

2.85 

2.59 

1.69 

2.26 

1.64 

2.99 

2.95 

2.23 

2.23 

1.66 

2.16 

1.00 

2.24 

2.74 

2.60 

2.93 

2.40 

3.48 

3.21 

3.11 

3.33 

4.06 


Mean. 


1860 


Feet. 


Feet. Feet. 

....•-I...... 


Feet. 


Feet. 


Feet. Feet. 


Feet. 
1.20 
1.08 
1.16 


Feet. 
1.49 
1.19 
1.5S 


Feet. 
1.93 
1.30 
1.76 
2.91 
2.60 
2.38 
2.00 
2.67 
2.84 
1.96 
1.88 
2.58 
3.27 
2.47 
2.32 
2.43 
1.40 
2.31 
1.91 
2.69 
2.53 
2.40 
1.78 


Feet. 
1.84 
1.45 
2.03 
2.97 
2.40 
2.53 
2.31 
2.85 
3.14 
2.44 
2.20 
2.84 
3.31 
2.53 
3.22 
2.74 
1.48 
2.22 
2.11 
3.09 
2.61 
2.18 
2.15 


Feet. 


1861 




1 


1.35 


0.83 
.7« 


0.78 
.83 
1.25 
1.37 
1.98 
1.97 
1.78 
1.84 
1.91 
1.53 
1.66 
2.77 
1.88 
1.59 
2.21 
.51 
1.98 
1.32 
2.02 
1.75 
1.84 
.77 
.91 
.97 
.89 
.90 
1.20 
2.11 
2.13 
1.17 
2.56 
1.84 
1.74 
2.04 
3.49 


0.96 
.78 
1.76 
1.78 
2.04 
1.80 
2.14 
1.69 
1.43 
1.39 
1.63 
2.68 
1.65 
1.63 
2.11 
.54 
1.71 
1.30 
2.03 
1.70 
1.66 
.92 
.70 
.90 
.90 
1.12 
1.42 
1.90 
2.04 
1.65 
2.56 
1.64 
1.96 
2.24 
3.59 




1862 








1.16 




1863 








1.93 2 S3 




1864 








2.10 
2.49 
2.37 
2.13 
2.46 
3.11 
1.66 
1.98 
3.59 
2.56 
1.99 
2.97 
.83 
2.34 
1.69 
2.17 
2.00 
2.26 
1.27 
2.16 
1.20 
2.12 
1.60 
1.51 
2.58 
2.79 
1.86 
2.61 
3.36 
2.84 
2.96 
3.86 


1.40 
2.07 
2.18 
1.85 
2.31 
2.42 
1.56 
1.73 
3.16 
1.89 
1.78 
2.37 

.55 
2.01 
1.28 
2.12 
1.83 
1.98 
1.15 
1.69 

.93 
1.37 
1.00 
1.30 
2.41 
2.66^ 
1.46 
2.70 
2.66 
1.90 
2.53 
3.55 


2.17 
2.04 
1.92 
2.35 
2.13 
1.53 
1.38 
1.98 
2.73 
1.07 
1.86 
2.14 

.90 
1.83 
1.54 
2.30 
2.01 
2.12 
1.16 

.91 
1.05 

.90 
1.66 
1.90 
1.97 
2.36 
2.01 
2.85 
2.02 
2.45 
2.68 
3.64 


2.54 
2.07 
1.97 
2.33 
2.39 
1.74 
1.75 
2.10 
2.90 
2.22 
2.15 
2.18 
1.19 
2.03 
1.68 
2.54 
2.14 
2.43 
1.50 
1.36 
1.48 
1.00 
1.89 
2.14 
2.38 
2.69 
2.31 
3.06 
2.87 
2.73 
2.90 
3.67 




1865 










1866 








1867 








1868 








•*•••• 


1869 










1870 


1.51 
2.25 
3.02 
3.72 
1.90 
3.02 
2.34 
2.30 
2.23 
2.21 
2.53 
3.39 
1.73 
2.48 
1.90 
2.37 
1.20 
2.43 
2.84 
2.67 
2.33 
2.78 
3.43 
3.73 
3.01 
3.41 


1.66 
2.26 

(3.58) 
3.94 
1.95 

(3. 51) 
1.82 
2.52 
2.20 
2.65 
2.11 
3.28 
1.84 
2.30 
1.97 
2.75 
1.90 
1.85 
3.33 
2.81 
2.30 
2.72 
3.97 
8.76 
3.20 
3.82 


1.63 
2.21 
3.61 
3.61 
1.67 
3.34 
1.42 
2.55 
2.05 
2.56 
2.24 
2.96 
1.44 
2.21 
1.70 
2.92 
2.30 
1.49 
3.24 
3.12 
2.10 
2.48 
3.80 
3.49 
8.21 
4.01 


1.70 


1871 


2.17 


1872 


3.19 


1873 


2.5S 


1874 

1875 


2.08 
2.63 


1876 


1.22 


1877 

1878 


2.17 
1.73 


1879 


2.45 


1880 


2.20 


1881 

1882 


2.39 
1.49 


1883 


1. 57 ! 1. 50 


1.62 


1884 

1885 


1.74 
1.20 
2.07 
2.37 
2.60 
3.16 
2.37 
3.39 
2.76 
2.90 
3.00 
4.01 


2.02 
1.11 
2.11 
2.75 
2.60 
3.18 
2.23 
8.60 
3.11 
3.11 
3.16 
4.26 


l.&O 
1.54 


1886 


1.66 


1887 

1888 


1.93 
2.55 


1889 


2.71 


1890 


2.01 


1891 

1892 

1893 


2.89 
2.84 
2.81 


1894 

1895 


2.8& 
3.78 







Note ^Interi>olated monthly means are indicated by parentheses, and are fonnd for any year by 

taking the corresponding monthly means at Cleveland, Ohio, and correcting the same by the average 
difference between the observed monthlj' means at Erie for that year and the corresponding observed 
monthly means at Cleveland, Ohio. 
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. Table No. 9. — Lake Ontario at OstoegOy N, Y, 

[Monthly mean of water levels above the zero of the United States Engineer gau£;e« the elevation of 

which zero is 244.21 feet above mean tide p,t New York City.] 



Year. 



1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 



Jan. 



Mean (36 years) . 
Mean (25 years, 
1871-1896).... 



Feet. 
2.46 
2.32 
2.99 
3.65 
2.21 
2.96 
1.34 
1.85 

.39 
1.10 
3.14 
1.94 

.61 

.19 
2.23 

.61 
1.19 
1.77 
1.36 
2.69 
1.20 

.62 
1.61 
1.20 
2.39 
2.02 
3.48 
2.05 
1.32 
1.50 
2.13 
2.07 

.39 

.75 
1.44 

.37 



Feb. 



1.68 
1.49 



Feet. 

2.60 

2.44 

2.57 

2.71 

2.05 

3.11 

1.35 

1.80 

.49 
1.22 
3.29 
1.77 

.39 

.26 
2.63 

.26 
1.85 
1.50 
1.57 
2.33 
1.48 

.61 
1.78 
1.26 
2.76 
1.76 
3.55 
2.80 
1.18 
1.64 
2.48 
2.33 

.36 

.64 
1.62 

.31 



1.74 
1.56 



Mar. 



Feet. 

2.65 

2.89 

3.06 

2.79 

2.14 

3.26 

1.36 

2.50 

.76 
1.44 
3.29 
1.98 

.23 

.38 
3.18 

.52 
2.40 
1.65 
2.27 
2.18 
1.82 
1.27 
2.38 
1.50 
3.44 
1.47 
3.69 
3.31 
1.42 
1.81 
2.81 
2.87 

.49 
1.12 
1.92 

.21 



Apr. 



2.01 
1.85 






Feet. 

2.68 

3.11 

3.96 

3.51 

2.71 

3.34 

1.84 

3.40 

1.40 

1.97 

4.23 

2.58 

.72 
2.34 
3.07 
1.32 
3.38 
2.34 
2.52 
2.59 
2.00 
1.60 
2.71 
2.02 
4.05 
2.15 
4.31 
3.52 
2.05 
2.05 
3.05 
3.35 
1.07 
1.87 
1.97 

.76 



May. June. Jnly 



Feet. 
2. 91 
4.06 
4.76 
3.91 
3.70 
3.50 
1.90 
4.09 
2.00 
2.63 
4.83 
3.00 

.84 
2.88 
3.05 
1.59 
3.96 
2.41 
2.86 
2.68 
2.15 
1.87 
2.90 
2.67 
4.07 
2.95 
4.52 
4.08 
2.12 
2.20 
3.41 
3.13 
1.13 
3.03 
2.15 

.88 



2.55 2.91 



2.38 



2.66 



Feet. 
3.45 
4.42 
4.50 
4.06 
4.00 
3.54 
1.80 
4.36 
2.42 
2.85 
4.51 
2.94 
1.17 
2.80 
3.14 
1.75 
4.18 
2.31 
2.85 
2.71 
2.39 
2.09 
3.41 
3.37 
3.97 
3.32 
4.32 
4.04 
2.16 
2.51 
4.04 
2.71 
1.69 
3.25 
2.68 
.76 



Feet. 
3.70 
4.20 
4.6U 
3.65 
3.68 
3.39 
2.72 
3.99 
2.30 
3.17 
4.19 
2.78 
1.23 
2.76 
3.09 
1.78 
4.25 
2.35 
2.81 
2.55 
2.40 
2.16 
3.40 
3.90 
3.76 
3.46 
3.92 
3.76 
2.22 
2.70 
3.87 
2.43 
2.20 
2.99 
2.48 
.47 



3.07 3.04 



2.82 



2.79 



Aug. I Sept. 



Feet 
3.14 
3.95 
4.14 
3.19 
3.22 
2.78 
2.62 
3.36 
2.01 
3.23 
3.85 
2.34 
1.07 
2.48 
2.86 
1.64 
3.79 
2.08 
2.73 
2.20 
1.97 
1.84 
3.07 
3.72 
3.53 
3.31 
3.48 
3.25 
2.12 
2.45 
3.20 
1.99 
2.12 
2.45 
1.90 
+.22 



2.70 
2.47 



Feet. 
2.74 
3.48 
3.51 
2.81 
2.69 
2.17 
2.53 
2.86 
1.82 
3.05 
3.16 
2.00 
.78 
2.06 
2.22 
1.43 
3.18 
1.65 

(2.47) 
1.78 
1.60 
1.28 
2.69 
3.24 
3.10 
3.09 
3.12 
2.64 
1.73 
1.89 
2.85 
1.56 
1.92 
&18 
1.39 

—.12 



Oct. Nov. 



Feet. 
2.55 
3.69 
2.96 
2.62 
2.46 
1.95 
2.40 
2.21 
1.23 
2.96 
2.83 
1.50 

.62 
1.61 
1.82 
1.15 
2.84 
1.22 
2.21 
1.34 
1.19 
1.06 
2.18 
2.80 
2.68 
2.90 
2.83 
2.25 
1.37 
1.46 
2.52 

.92 

1.48 

1.66 

1.14 

—.46 



2.29 
2.07 



1.95 
1.69 



Feet. 
2.63 
3.70 
2.61 
2.44 
2.43 
1.70 
2.16 
1.47 
1.08 
2.56 
2.26 
1.09 

.57 
1.48 
1.25 

.96 
2.48 
1.13 
2.09 

.95 
1.15 
1.06 
1.76 
2.57 
2.18 
2.95 
2.39 
1.90 
1.30 
1.05 
2.60 

.32 
1.21 
1.25 

.81 
—.71 



Dec. 



1.69 
1.43 



Feet. 

2.61 

3.49 

2.50 

2.45 

2.53 

1.54 

2.08 

.71 

1.25 

2.73 

2.01 

.78 

.23 

1.67 

.91 

.78 

2.30 

1.26 

2.90 

.98 

.98 

1.06 

1.47 

2.43 

2.03 

3.12 

2.30 

1.63 

1.29 

1.62 

2.39 

.29 

1.08 

1.10 

.46 

—.68 



1.62 
1.38 



Mean. 



Feet. 
2.84 
3.48 
3.51 
3.07 
2.82 
2.77 
2.01 
2.72 
1.43 
2.41 
3.47 
2.06 

.71 
1.74 
2.45 
1.15 
2.98 
1.81 
2.39 
2.08 
1.69 
1.38 
2.45 
2.66 
3.16 
2.71 
3.49 
2.94 
1.69 
1.91 
2.95 
2.00 
1.26 
1.86 
1.66 

.17 



2.27 
2.06 



me 



KEPOIIT OF U. 8. D£BP WATBBWAYS OOMMIgSIOK. 



Table No. 10.-— Lake Ontario ai CharUate, N, F. 

{Mmitbir aieaa of water UmHa ImIow the pkme «f TeABnane of TTnited Statee Lake Snrv^ (bigh water 
of 1886). ^levatfon of tb» plane of xvliBMiice above mean tiie at New York City is 249jH faet.] 



Year. 



1880 

1861 

loOfi .....a......... 

1868 

1864 

WB6 

1886 

1867 

1868 

1870 :. 

1871 

1872 

1873 

1874 

1876 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1888 

X0l>4 •••........•••. 

1886 

1886 

1887 

1888 

1880 

JLcW25 ••••••••••••••■ 

1898 

1895 

Mean (36 years) 

Mean (25 yean, 

1873-1895) ... 



Jan. 



Feet. 
2.40 
2.70 
1.94 
2.46 
2.88 
2.47 
3.53 
2.19 
3.82 
3.60 
1.74 
2.68 
4.35 
4.51 
2.68 
4.13 
3.50 
2.96 
2.37 
2.18 
3.60 
4.23 
3.23 
3.59 
2.55 
2.92 
1.79 
2.83 
3.52 
3.58 
2.82 
2.95 
4.40 
3.91 
3.54 
4.42 



3.17 
3.87 



Fab. 



Feet. 
2.57 
2.69 
2.20 
2.27 
2.00 
2.81 
3.76 
2.21 
4.18 
3.47 
1.59 
2.90 
4.55 
4.60 
2.B4 
4.46 
2.87 
3.19 
3.13 
2.52 
3.30 
4.14 
3.03 
3.52 
2.13 
3.21 
1.79 
2.15 
3.71 
3.28 
2.51 
2.87 
4.47 
4.23 
3.32 
4 56 



3.15 
3.31 



Feet. 
2.46 
2.25 
2.09 
2.10 
2.83 
2.40 
3.45 
2.08 
3.82 
3.28 
1.66 
2.61 
4.68 
4.43 
1.90 
4.30 
2.28 
3.07 
2.61 
2.50 
2.98 
3.57 
2.45 
3.30 
2.04 
3.43 
1.79 
1.71 
8.49 
3.21 
2.52 
2,28 
4.49 
3.85 
2.95 
4.57 



Apr. 



2.98 
3.08 



Feet. 
2.44 
1.71 
1.23 
1.51 
2.29 
1.77 
3.10 
1.67 
3.16 
2.54 

.63 
1.95 
4.26 
2.75 
1.79 
3.52 
1.36 
2.46 
2.21 
2.24 
2.75 
3.20 
2.14 
2.74 

.96 
2.70 

.82 
1.43 
2.99 
3.04 
1.98 
1.71 
4.07 
3.16 
2.88 
4.23 



May. 



June. 



2.37 
2.58 



Feet. 
2.20 

.94 

.40 
1.01 
1.24 
1.51 
2.64 

.88 
2.63 
1.95 
—.05 
1.66 
4.02 
2.07 
1.66 
3.17 

.68 
2.31 
1.88 
2.08 
2.54 
2.90 
1.86 
2.12 

.82 
1.91 

.66 

.90 
2.83 
2.79 
1.60 
1.78 
3.83 
1.93 
2.72 
4.01 



1.95 
2.18 



Feet. 
2.01 

.70 

.55 
1.01 

.91 
1.54 
1.90 

.58 
2.28 
1.78 

.17 
1.73 
3.70 
2.02 
1.70 
3.12 

.56 
2.49 
1.88 
2.05 
2.40 
2.70 
1.36 
1.36 

.93 
1.57 

.73 

.91 
2.73 
2.35 
1.03 
2.19 
3.25 
1.66 
2.24 
4.19 



July. 



1.79 
2.08 



Feet. 
1.89 

.69 

. 66 
1.25 
1.31 
1.74 
2.13 

.90 
2.41 
1.51 

.44 
1.90 
3.64 
2.08 
1.59 
2.97 

.54 
2.46 
1.92 
2.24 
2.47 
2.65 
1.35 
1.13 
1.07 
1.43 
1.06 
1.19 
2.80 
2.21 
1.08 
2.50 
2.72 
1.90 
2.45 
4.44 



1.85 
2.07 



Aug. 



Feet. 

1.90 

.98 

. tfv 

1.56 
1.60 
2.23 
2.35 

.89 
2.62 
1.56 

.89 
2.34 
3.79 
2.32 
1.84 
3.15 

.96 
2.72 
2.02 
2.61 
2.84 
2.98 
1.72 
1.29 
1.33 
1.62 
1.48 
1.68 
2.96 
2.46 
1.65 
2.87 
2.78 
2.40 
8.05 
4.71 



2.15 
2.38 



Sept. 



Feet. 
2.31 
1.44 
1.52 
2.11 
2.22 
2.59 
2.49 
1.09 
2.85 
1.71 
1.49 
2.68 
4.04 
2.76 
2.34 
3.38 
1.62 
3.13 
2.17 
3.01 
3.15 
3.42 
2.10 
1.72 
1.83 
1.81 
1.90 
2.28 
3.19 
3.00 
2.12 
3.29 
3.07 
2.76 
3.58 
4.92 



Oct. 



2.53 
2.77 



Feet. 
2.57 
1.29 
2.02 
2.54 
2.51 
2.94 
2.81 
1.63 
3.55 
2.01 
1.84 
3.25 
4.14 
3.12 
2.95 
3.63 
1.96 
3.52 
2.60 
3.45 
3.63 
3.74 
2.57 
2.14 
2.23 
2.72 
2.26 
2.76 
3.53 
3.32 
2.35 
3.92 
3.49 
3.20 
3.83 
5.32 



Nov. 



2.92 
3.19 



Feet. 
2.49 
1.88 
2.39 
2.73 
2.42 
3.26 
2.59 
3.42 
3.44 
2.42 
2.26 
3.68 
4.25 
3.28 
3.48 
3.81 
2.30 
3.66 
2.63 
3.84 
8.73 
3.74 
3.05 
2.40 
2.83 
2.69 
2.55 
3.25 
8.66 
3.66 
2.40 
4.62 
8.81 
3.70 
4.10 
5.55 



Dee. 



3.21 
3.46 



Feet, 
2.48 
1.58 
2.53 
2.72 
2.20 
3.84 
2.13 
3.64 
3.46 
2.27 
2.46 
4.20 
4.44 
3.15 
3.78 
3.91 
2.56 
3.51 
1.95 
3.82 
3.93 
3.76 
3.36 
2.49 
2.89 
2.12 
2.63 
3.40 
3.70 
3.43 
2.63 
4.61 
3.90 
3.89 
4.43 
5.45 



3.24 
3.52 



Feet. 
2.81 
1.53 
1.54 
l.M 
2.12 
2.38 
2.72 
1.77 
3.19 
2.34 
1.26 
2.63 
4.16 
3.09 
2.34 
3.63 
1.77 
2.96 
2.36 
2.71 
3.11 
3.42 
2.35 
2.32 
1.80 
2.34 
1.62 
2.04 
3.26 
3.03 
2.06 
2.07 
3.68 
3.05 
3.25 
4.70 



2.60 
2.83 



Note. — This record is less satisfactory than the one for Oswego, on account of uncertainties of a 
minor character respecting plane of reference. 



BBPOR<F OF U. 8. DEEP WAtBBWATS COMlti88K»r. 



tm 



Table Ko. II.— i9i. LawreiMe B^er at ValUiffiM, Frwine^ nf Quebee. 

(lEoBthly mem of irater levels above the upper miter sill of Lock No. 14 of the Beanhsmoi* Cftiiill. 
Elevation of miter sill is 142.o2 feet above mean tide at Kev York City.] 



IMO 

IMl 

1882 

1864 

1865 ...... 

1866 

MJOO'I «•«>•• 

X^^XI ...... 

1800 .•••.. 

1870 

1871 

1872 

1873 

1874 

1876 

1876 

Xoff •••■•• 

1878 

1879 

1880 

^881 

1882 

1888 

1885 

1887 

1888 

JLooV ...... 

1890 

1892 

1898 

J|OVS • • • • * • 

1896 



Jan. 



^b. 



ICar. 



Meaa(36 years). 
Mean(25 years) 
1871-1896.... 



12.84 

12.81 
13.25 
12.38 
12.06 
12.64 
11.85 
13.10 
11.68 
11.81 
12.83 
12.31 
11.12 
11.24 
12.42 
11.77 
11.63 
12.31 
11.83 
12.98 
11.70 
10.98 
11.53 
11.23 
12.11 
12.22 
13.33 
12.28 
12.53 
12.05 
12.95 
12.44 
11.22 
11.88 
11.78 
11.50 



12.11 
11.95 



feeL 
12.46 
12.44 
12.92 

12.44 
12.06 
12.17 
11.56 
12.62 
11.04 
11.28 
12.98 
12.09 
10.36 
11.16 
12.95 
10.52 
11.80 
11.78 
11.53 
13.18 
11.86 
10.73 
11.53 
11.07 
12.13 
12.46 
13.08 
12.53 
10.59 
11.88 
12.42 
12.48 
10.74 
10.53 
11.17 
10.57 



11.81 
11.66 



F»gt. 

12.56 

12.88 

12.02 

12.87 

12.05 

12.55 

11.51 

12.53 

11.33 

11.06 

12.36 

12.28 

10.31 

10.98 

13.14 

11.03 

11.49 

11.76 

12.13 

12.22 

11.97 

11.48 

12.31 

11.17 

12.58 

10.03 

12.34 

12.40 

11.07 

11.54 

12.57 

12.83 

10.83 

11.11 

12.06 

10.68 



11.84 
11.69 



Apr. 



May. June. 



Feet. 

12.48 

18.20 

18.40 

18.14 

12.50 

13.08 

12.17 

13.04 

11.55 

12.40 

13.31 

12.48 

11.11 

12.38 

12.75 

11.67 

13.00 

12.29 

12.83 

12.18 

12.27 

11.70 

12.44 

12. 29 

13.22 

11.87 

13.46 

13.26 

12. 09 

12.22 

12. 92 

13.19 

11.83 

12.26 

12.08 

11.95 



Feet. 

12.60 

13.58 

18.76 

13.22 

13.09 

12.90 

12.20 

13.48 

11.74 

12.66 

13.42 

12.66 

11.26 

12.72 

12.97 

11.98 

13.47 

12.15 

12.41 

12.67 

12.16 

11.81 

12.46 

12.51 

13.23 

12.42 

13.18 

13.24 

12.07 

12.13 

13.43 

13.03 

11.65 

13.00 

12.31 

11.46 



12.47 
12.85 



12.63 
12.49 



Feet. 

12.04 

13.52 

13.81 

13.16 

13.10 

12.87 

12.47 

18.29 

12.07 

t2#41 

13.28 

12.66 

11.92 

12.51 

12.69 

11.80 

13.31 

a. 95] 

12.24 

12.21 

12.15 

11.88 

12.75 

12.84 

12.88 

12.67 

13.10 

12.88 

11.97 

12.37 

13.27 

12.49 

12.03 

12. 83 

12.47 

11.28 



12.50 
12.44 



Jnly. 



Ang. 



Feet. 

12.71 

13.49 

13.21 

12.90 

12.891 

12.73 

12.351 

12. 911 

11.92 

12.60 

18.17 

12.89 

11.44 

12.38 

12.53 

11.82 

13.28 

12.00 

12.23 

12.12 

12. C6 

11.93 

12.67 

12.91 

12 82 

12.63 

12.82 

12.54 

11.81 

11.90 

13.13 

12.43 

12.53 

12.68 

12.13 

10.96 



12.47 
12.33 



Sept 



Feet. 

12.66 

13.14 

13.08 

12.70 

12.55 

12.32 

12.38 

12.54 

11.81 

12.49 

12.94 

12.04 

11.22 

12.11 

12.41 

11.58 

12.93 

11.89 

1228 

11.87 

11.73 

11.73 

12.52 

12.72 

12.41 

12.36 

12.57 

12.06 

11.69 

12.34 

12.71 

12.17 

12.38 

12.15 

11.67 

10.98 



12.25 
12.10 



Oct 



Feet 

12.56 

12.86 

12.77 

12.42 

12.84 

11.97 

12.40 

12.13 

11.68 

12.41 

12.541 

11.87 

11.14 

12.01 

11.98 

11.50 

12.53 

11.58 

12.23 

11.61 

11.33 

11.38 

12.23 

12.57 

12.44 

12.23 

12.15 

11.94 

11.60 

11.85 

12.69 

11.87 

12.15 

12.36 

11.64 

10.54 



12.04 
11.89 



Feet. 

12.44 
18.11 
12.48 
12.17 
12.27 
11.74 
12.10 
11.69 
11.89 
12.51 
12.44 
11.51 
11.16 
11.78 
11.78 
11.29 
12.54 
11.13 
12.21 
11.39 
11.22 
11.26 
11.81 
12.19 
12.11 
12.23 
12.20 
11.63 
11.43 
11.67 
12.37 
11.44 
11.70 
11.96 
11.47 
10.39 



Kov. 



11.84 
11.67 



Dee. 



Feet. 

12.72 

13.01 

12.38 

12.18 

12.30 

11.62 

12.23 

11.48 

11.87 

12.17 

12.28 

11.33 

11.23 

11.60 

11.55 

11.24 

12.08 

11.35 

12.14 

11.11 

11.48 

11.33 

11.45 

12.33 

11.86 

12.64 

12.12 

11.29 

11.56 

11.49 

12.52 

11.22 

11.70 

11.76 

11.46 

10.17 



11.77 
11.60 



Feet. 

12.82 

12.94 

12.88 

12.23 

12.59 

11.77 

12.56 

11.89 

11.72 

12.21 

12.19 

11.43 

11.03 

11.95 

11.47 

11.19 

12.43 

11.38 

12.76 

11.37 

11.38 

11.36 

11.50 

12.28 

11.98 

12.88 

12.88 

11.27 

12.11 

12.03 

12.66 

11.27 

11.64 

11.96 

11.10 

10.47 



11.78 



Mean. 



Feet 

12. « 

18.07 

12.96 

12.61 

12.48 

12.36 

12.16 

12.51 

11.60 

1217 

12.81 

12.0f7 

11.11 

11.90 

12.89 

11.45 

12.64 

1L79 

1119 

12.06 

11.78 

11.46 

12.10 

12.18 

12.48 

12.17 

12.78 

12.27 

11.71 

11.96 

12.80 

12.24 

11.70 

12.00 

11.77 

10.91 



11.89 12.14 



U.99 



1,38 
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Tab;le No. 12 — St. Lawrence Biver at Montreal, Province of Quebec. 

[Mont]ily meaii of water levelo above the lower miter sill of old lower lock of t/he L^ chine CaDal 
Elevation of miter sill is 7.10 feet above mean tide at "New York City.] 



Tear. 



Jan. Feb. j Mar. Apr. ; May. 



1860 

1861 

1862 

1863 

1864 

1866 

1867 

1868 

1870 

1871 

187!2 

1874 

1875 

1876 ............... 

1877 

1878 

1879 

1880 :... 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1880 

1890 

1891 

1892 

1898 

1894 

Mean(36 years). 
Mean (25 years, 
1871-1895) .... 



June. I July. Aug. 



Sept. ] Oct Nov. 



Feet. 

32. 75 

33.17 

33.58 

28.50 

33.42 

32.92 

29.25 

33.92 

27.67 

28.58 

33.08 

31.33 

27.25 

25.92 

33.58 

27.83 

28.00 

30.33 

26.92 

23.92 

30.33 

27.25 

25.83 

26. 33; 

34. 171 

31. 58 

34.42 

30.08, 

29.67| 

28.33 

29.67 

28.67 

24.17 

29.58 

30.83 

28.92 



Feet 

28.83 

30.58 

31. 58 

30.00 

31.00 

31.17 

26.92 

32. 3:i 

25.17 

26.17 

32.17 

29.17 

25.33 

24.75 

31.00 

24.25 

26.83 

28.92 

30.83 

30.50 

27.92 

25.08 

29.92 

25.00 

31.42 

28.00 

31.75 

28.83 

25.67 

29.33 

32.92 

27.17 

28.50 

25.92 

26.92 

24.67 



29.77 
29.00 



28.51 
28.02 



Feet. 

28.75 

30.92 

31.08 

28. 42, 

29. 58 

31.171 

27.00 

31.171 

27.17' 

25.58 

29.83 

.30. 17 

25. 75 

25.25 

30.50, 

25. 75 

28.58J 

28.33 

26.581 

28.83 

27.08 

26.33 

28.67 

25.75 

31.08 

26.50 

29.33 

29.50 

26.58 

27.67 

31.42 

29.33 

25.75 

26.83 

29.00 

23.08 



28.16 
27.78 



Feet. 

22.83 

30.50 

30.17 

30.17 

25.50 

27.33 

26.75 

30.08 

24.17i 

29. 921 

30. 25 

23. 33: 

27. 75| 

31.42 

28.25 

28.25 

30.83 

26.08 

19.76 

28.50 

25. 83. 

23. 50| 

22. 17 

28. 42l 

30. 75; 

30.92i 

31. 67! 

33.08; 

29.50 

24.67 

26.42 

28.25 

23.33 

27.42 

23.83 

25.33 



27.42 
27.17 



Feet. 

23.08 

26.25 

24.83 

23. 58 

25.42 

24.08 

21.83 

25.00 

20.92 

25.25 

24.42! 

23. 42 1 

21. 17! 

24.17! 

22. 17 1 

22. 75 

27.42' 

19. 92| 

20.50 

24.00, 

23.08 

21. 33i 

21.83 

21.58 

24.08 

24.50 

23.42 

25.58 

22.92 

21.17 

23.58 

22.92 

18.58 

23.75 

22.00 

20.50 



23.08 
22.65 



Feet. 

20.50 

23.67 

21.50 

21.25 

21.42 

21.08 

21.67 

23.83 

20.00 

21.83 

20.67 

20.50 

20.17 

22.25 

23.25 

20.17 

24.33 

18.50 

19.08 

20.75 

21.42 

19.25 

22.58 

22.17 

20.92 

21.75 

21.08 

21.08 

21.83 

22.08 

23.75 

19.50 

19.42 

22.50 

20.50 

18.58 



21.24 
21.10 



Feet. 

19.42 

21.68 

19.75 

19. 75 

19.25 

20. 331 

19. 75, 

20. 83 

17. 92 

20.42 

19. 33 

18.92 

17.67 

19.67; 

20.58 

18. 08 

21.25 

18.08 

18. 251 

18.76, 

18. 92 

17. 75: 

20.75! 

21.421 

19. 25! 

20.67 

19.83 

19.25 

19.00 

20.08 

20.83 

18.25 

19.33 

19.58 

19.17 

15.83 



19.43 
19.25 



Feet. 

18.83 

20.08 

19.25 

18.83 

18.33 

19. 17 

18.83 

19.00 

17.17 

19.75 

18.75 

17.83 

16.75 

18.33 

18.42 

17.50 

18.83 

17.50 

18.33 

17.67 

17.58 

17.00 

19.08 

19.50 

18.75 

18.83 

18.83 

18.08 

17.50 

18.60 

19.00 

18.00 

18.25 

18.08 

17.00 

15.33 



18.29 
18.02 



Feet. 

18.50 

19. 08 

19.42 

18.25 

18.00 

17. 751 

19.50 

18.00 

16.92 

20.00 

18.08 

17.00 

16.83 

17.25 

17.25 

16.83 

18. 08 

16. 67 

17. 83i 

17. 00, 

16. 83' 

16.17 

18.50 

18.17 

17.67 

18.08 

18.00 

16.08 

17.17 

17.08 

19.00 

17.00 

17.08 

17.83 

16.17 

14.50 



17.60 
17.20 



Feet. 
18.75 
19.08 
19.08 
18.25 
18.83 
17.00 
'18. 83 
17.58 
16.42 
20.25 
17.67 
16.50 
17.58 
18.17 
16.83 
16.92 
17.83 
16.50 
18.33 
16.50 
16. 67| 
15. 75; 
17.50 
17.92' 
17.58 
19.33 
18.00 
16.58 
16.76 
16.83 
18.00 
15.92 
16.58 
16.83 
16.58 
13.83 



17.43 
17.03 



Feet. 

19.50 

20.67 

19.42 

19.08 

19.67 

16.75 

20.08 

16.75 

17.08 

18.50 

18.50 

16.42 

17.17 

18.50 

16.42 

16.75 

18.17 

16.92 

19.50 

16.08 

18.08 

16.08 

17.25 

18.42 

17.92 

18.08 

18.08 

16.17 

18.00 

16.33 

17.92 

15.67 

17.08 

16.50 

16.83 

13.83 



17.62 
17.13 



Dec. 



Mean 



Feet. 

24.00 

21.00' 

21.58' 

22.08 

22.17 

19.83 

22.17 

25.58 

23.83 

25.67 

18.75 

27.50; 

19. 75 

25.75 

21.50 

28.83 

26.17 

17.58 

20.50 

20.92 

22.50 

16.25 

22.60 

23.08 

22.08 

21.75 

25.58 

18.00 

20.33 

17.58 

26.58 

17.50 

20.17 

26.26 

17.33 

21.08 



22.05 
21.88 



Feet. 

22.98 

24.72 

24.27 

23.18 

23.55 

23.22 

22.72 

24.51 

21.20 

23.49 

23.46 

22.67 

21.10 

22.62 

23.31 

21.99 

23. se 

21.28 
21.37 
21.95 
22.19 
20.15 
22.22 
22.31 
23.81 
23.33 
24.17 
22.69 
22.08 
21.64 
24.09 
21.52 
20.69 
22.55 
21.34 
19.62 



22.65 
22.18 
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Table No. 13. — Lake Ckamplain at Fort Montgomery y-N, Y. 

[Monthly mean of water levels above the zero of the United States Engineer gauge, the elevation of 

which zero ia( 94.53 feet ahove mean tide at New York City.] 



Tear. 



1871 ... 
1872... 
1873... 
1874... 
1875... 
1876... 
1877... 
1878... 
1879... 
1880... 
1881... 
1882... 
1883... 
1884... 
1885... 
1886... 
1887... 
1888... 
1889... 
1890... 
1891... 
1892... 
1893... 
1894... 
1896... 



Jan. Feb. 



Feet. 

(2. 02) 

(1. 96) 

(3. 2.^1) 

4.15 

.72 
8.18 

.46 
2.06 
3.32 
2.33 
1.04 
2.55 

.20 

.58 
2.36 
3.84 
2.14 
2.12 
4.41 
3.04 
2.71 
2.90 
1.50 
1.93 
1.31 



Mean (21 years, 

1875-1895) .... 2.13 
Mean (25 years, > 

1871-1896) ....; 2.24 



Feet. 

(2. 13) 

(2. 06) 

(2.99) 

(4. 19) 

.74 

3.06 

.54 

1.56 

2.70 

3.06 

1.44 

2.37 

.50 

1.58 

2.29 

3.58 

3.34 

2.20 

3.64 

3.58 

3.58 

2.70 

1.33 

1.99 

1.20 



2.24 
2.33 



Mar. 



Feet. 
3.95 

(2.56) 
2.76 

(4.40) 
1.59 
3.61 
1.47 
2.54 
3.01 
3.56 
3.06 
3.80 
1.02 
3.30 
1.94 
3.43 
2.81 
2.77 
3.18 
4.80 
5.30 
2.32 
1.87 
3.64 
1.23 



2.84 
2.93 



Apr. 



Feet. 
4.45 

(4.01) 
5.99 

(5. 00) 
4.38 
5.16 
4.36 
4.42 
4.44 
3.88 
3.46 
3.50 
4.05 
5.68 
4.48 
5.20 
5.36 
5.40 
4.62 
4.76 
6.31 
4.57 
3.65 
3.03 
4.01 



4.56 
4.60 




4.92 I 3.62 
4.94 I 3.68 



Oct. 



Feet. 

1.45 

3.80 

1.38 

1.64 

1.74 

.77 

1.39 

1.55 

.66 

.15 

.62 

1.13 

.40 

.48 

1.96 

.84 

.58 

2.43 

2.36 

3.01 

.61 

2.06 

1.54 

.56 

.60 



Nov. 



Feet. 
1.50 
3.90 
2.17 
1.06 
2.59 

.68 
2.22 
1.75 

.81 
1.70 
1.06 

.63 

.40 

.70 
3.79 
1.48 

.47 
3.38 
2.52 
3.12 

.50 
2.25 

.96 
1.06 
1.00 



1.21 1 1.58 



1.35 



1.67 



Dec. 



Feet. 

(1.91) 

3.46 

(3. 15) 

.89 
2.31 

.48 
2.60 
4.05 
2.24 
1.47 
1.54 

.30 

.46 
1.45 
3.76 
2.82 
1.87 
3.65 
3.32 
2.88 
1.13 
2.23 

.99 
1.11 
2.67 



Mean 



2.06 
2.11 



Feet. 
2.47 
3.43 
3.14 
3.41 
2.35 
2.84 
2.10 
2.78 
2.67 
2.06 
2.03 
2.30 
1.80 
2.25 
2.98 
2.74 
2.79 
3.29 
3.37 
3.65 
2.76 
3.87 
2.17 
1.98 
2.01 



2.68 
2.67 



Note. — Interpolated monthly means are indicated by parentheses, and are fonnd as follows : For 
January and February, 1871, by taking the oorrespooding means of the monthly means in the twenty- 
one year series, 1875 to 1895, and correcting them by the average difference between the obBerved 
monuily means for 1871 and the corresponding means in the twenty-one year series ; for December, 
1871, and January, February, March, and Apru, 1872, by proportioning the difference between Novem- 
ber, 1871, and May, 1872, according to the difference between the corresponding months in the twenty- 
one year series, and in the same manner for February, March, and April, 1874 ; for Ja:.uary, February, 
and I>ecember, 1873, by direct interpolation. 

Table No. 13a. — River Richelieu at Lock No, 1 of the Chamhly Canal at SU Johns 

Province of Quebec. 

[Dqgrtli of water on the upper miter sill of Look No. 1. The elevation of the upper miter 'sill is 87.41 

feet above mean tide at New York City.] 



Tear. 



1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 



Stage. 



/Highest . . 

\ Lowest 

/Highest.. 

\Lowe8t 

/Highest . . 
\Lowest — 
/Highest.. 

\Lowe8t 

/Highest.. 
\Lowest — 
/Highest . . 
\Lowest — 
/Highest.. 

\Lowe8t 

/Highest... 
\Lowest — 



Jan. 



Feet. 



9.33 

8.67 

10.26 

9.42 



Feb. 



Feet. 



9.00 

8.83 

10.33 

9.68 



Mar. ' Apr. 



Feet. 



9.26 

8.75 

10.00 

9.17 



Feet. 



11.67 



10.50 



10.25 
9.68 

13.87 
9.33 

12.67 

10.17 



May. 



June. 



Feet. 



11.33 
10.67 
11.50 
10.67 
10.50 

9.67 
12.75 
11.60 
10.79 

9.00 
13.83 
12.26 
12.83 
10.17 



Feet. 



10.92 

8.68 
10.67 

9.26 
10.00 

9.17 
12.33 
10.60 
10.92 

9.26 
12.17 
10.17 
10.26 

8.75 



July. 



Feet. 



8.76 
7.83 
9.33 
8.67 
9.26 
8.42 



9.33 
8.25 
10.26 
9.08 
9.08 
8.17 



Aug. Sept. 



Feet. Feet. 



7.92 
7.42 
8.92 
7.83 
8.67 
8.08 



8.68 
7.58 
9.33 
8.33 
8.26 
7.33 



8.00 
7.17 
8.00 
7.25 
9.76 
8.26 



8.25 
7.08 
8.68 
8.26 
8.08 
7.17 



Oct 



Feet. 

9.83 

8.42 

8.67 

7.83 

8.26 

6.76 

9.42 

9.00 



9.67 
7.17 
11.42 
8.17 
9.60 
7.00 



Nov. 



Feet. 
9.33 
8.42 
9.76 
8.68 
7.26 
6.60 
9.88 
8.83 



9.76 
7.33 
11.08 
9.83 
9.00 
7.60 



Deo. 



Feet. 



10.00 
9.76 



9.92 



9.42 
8.76 
10.26 
9.17 
8.08 
7.76 



NoTB.— The slope or fall during extreme high water (April, 1869), from Lake Champlaln, at Fort 
Montgomery, to St. Johns, was about 2 feet when the depth of water on miter sill of Look No. 1 was 
13.87 root. The slope or fall, during extreme low water, from Lake Champlain, at Fort Montgomery, 
to St. Johns, was 0. 38 feet when the depth of water on miter bHI of Look No. 1 was 6.88 feet. These 
are the highest and lowest waters on record, and they, as well as the slopes, are given on the authority 
of B. Steckel, engineer in charge of the Canadian geodetio leveling. 
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Table No. 14. — 8L LatormHie Rw^r at Mawireal, ProvifiM of Quebec. 

[Deptii of water in feet and decimala in the Montreal ^arbor orer miter sill of old lower lock o^ the 
Lachine Canal, deducted from gaoginjp taken at noon each day, except that after 1882 the highest 

Solnt is recorded on the highest day in the spring and fall of each year independent of the time of 
ay it was reached. Elevation of the miter sill is 7.10 feet ahove mean tide at New York City.] 



Year. 



1850.. 

1851.. 

1852.. 

1858.. 

1854.. 

1855.. 

1858.. 

1857.. 

1858.. 

1850.. 

I860.. 

1861.. 

1862.. 

1863.. 

1864.. 

1865.. 

1866.. 

1867.. 

1868. 

I860., 

1870. 

1871. 

1872. 

1873., 

1874.. 

1875.. 

1876.. 

1877.. 

1878., 

1870.. 

1880.. 

1881.. 

1882.. 

1883.. 

1884. 

1885.. 

1886., 

1887.. 

1888.. 

1880. 

1800. 

1801. 

1802. 

1803. 

1804. 

1805. 



January. 



High. 



Feet. 



Low. 



Fest. 



Mean. 



Feet. 



Fehmary. 



High. 



Low. 



Feet. 



Feet. 



Mean. 



March. 



Feet. 



High. 



Feet. 



Low. 



Feet, 



Mean. 



Feet. 



April. 



High. 



Feet. 



Low. 



Feet. 



Mean. 



JFeet. 



83.75 
35.25 
37.75 
31.75 
80.50 
34.50 
38.25 
36.42 
34.25 
36.33 
36.50 
33.17 
37.50 
36.83 
32.42 
37.67 
20.25 
31.00 
36.50 
34.75 
20.00 
27.42 
34.67 
30.00 
30:00 
32.33 
34.25 
33.33 
32.33 
30.76 
38.83 
28.50 
38.46 
35.25 
30.50 
32.42 
38.67 
85.60 
36.75 
30.50 
32.67 
82.75 
33.08 
32.33 



28.75 
25.58 
31.50 
27.58 
27.00 
20.25 
24.00 
30.50 
30.17 
3L33 
27.42 
23.08 
32..00 
24.42 
27.67 
20.25 
25.50 
26.83 
25.08 
26.75 
26.00 
24.58 
32.33 
25.75 
26.42 
28.42 
17.08 
10.42 
28.33 
24.25 
16.75 
24.26 
30.56 
28.83 
28.00 
28.42 
26.25 
23.02 
18.83 
26.82 
16.02 
26.68 
28.02 
27.00 



32.42 
31.33 
32.42 
32.08 
32.75 
83.17 
23.58 
28.50 
33.42 
32.02 
20.25 
33.02 
27.67 
28.58 
83.08 
31.33 
27.25 
25.02 
33.58 
27.83 
28.00 
30.33 
26.02 
23.02 
30.33 
27. 25 
25.83 
26.33 
34.17 
31.68 
34.42 
30.08 
20.67 
28.33 
20.67 
28.67 
24.17 
20.68 
30.83 
28.02 



20.02 
33.25 
32.08 
27.33 
30.02 
31.25 
33.17 
30.83 
20.02 
31.42 
32.67 
31.83 
32.58 
32.58 
28.67 
33.00 
25.02 
27.42 
33.75 
31.08 
26.42 
25.67 
32.17 
27.02 
27.75 
30.83 
33.50 
33.17 
20.83 
25.83 
32.50 
26.25 
33.25 
20.02 
33.75 
30.25 
28.08 
3L60 
34.75 
20.17 
3L02 
27.68 
28.76 
27.42 



16.02 
31.58 
20.25 
25.00 
20.00 
28.75 
30.00 
28.00 
27.17 
28.75 
3a 08 
28.33 
20.75 
20.50 
25.75 
31.58 
24.08 
25.25 
31.25 
28.00 
24.33 
24.08 
20.67 
23.00 
25.83 
27.42 
20.25 
28.25 
26.67 
24.00 
28.08 
24.25 
30.58 
26.67 
28.67 
27.08 
24.00 
26.58 
31.33 
25.92 
24.50 
25.08 
25.08 
23.08 



20.25 
30.08 
3L58 
20.42 
28.83 
30.58 
31.58 
30.00 
3L00 
31.17 
26.02 
32.33 
25.17 
26.17 
82.17 
20.17 
25.33 
24.75 
3L00 
24.25 
26.83 
28.02 
30.83 
30.50 
27.02 
25.08 
20.02 
25.00 
31.42 
28.00 
3L75 
28.83 
26.67 
28.33 
32.02 
27.17 
28.50 
25.02 
26.02 
24.67 



20.02 
32.17 
32.00 
27,33 
20.50 
30.58 
32.00 
36.42 
20.50 
32.33 
31.67 
20.25 
30.25 
33.42 
27.75 
31.83 
20.42 
26.83 
32.33 
32.00 
26.75 
26. 17 
3L58 
26.76 
28.58 
20.75 
20.67 
30.00 
28.50 
28.50 
31.25 
26.75 
34.58 
28.08 
30.26 
30.25 
28.50 
20.00 
32.02 
31.67 
26.02 
27.83 
80.33 
24.60 



16.58 
31.25 
20.83 
24.75 
26.25 
28.67 
20.60 
28.00 
28.17 
20.83 
30.50 
27. 5» 
28.67 
20.00 
26.42 
30.42 
24.02 
24.50 
28.00 
28.42 
24.42 
24.50 
28.75 
23.83 
27.17 
27.25 
20.83 
28.25 
25.75 
24.75 
27.08 
24.58 
28.26 
25.00 
28.38 
28.83 
24.75 
26.67 
20.75 
27.75 
24.50 
25.00 
25.02 
22.00 



27.60 
20.33 
30.76 
30.58 
28.75 
30.02 
31.06 
28.42 
20.58 
31.17 
27.00 
31.17 
27.17 
25.58 
20.83 
30.17 
26.75 
25.25 
30.50 
25.75 
28.58 
28.33 
26.58 
28.83 
27.08 
26.38 
28.67 
26.75 
31.08 
26.50 
20.33 
20.50 
26.58 
27.67 
31.42 
20.33 
25.76 
26.88 
20.00 
23.08 



32.33 
32,83 
32.17 
32.00 
34.50 
36.75 
32.50 
36.50 
20.58 
28.58 
41.58 
35.42 
36.75 
32.50 
40.75 
33.17 
33.00 
32.83 
40.42 
36.83 
32.00 
30.50 
38.67 
33.00 
30.75 
34.17 
3L33 
20.42 
34.25 
33.58 
30.17 
31.00 
33.42 
38.60 
40.67 
44.33 
43.12 
36.50 
34.08 
35.08 
33.02 
36.60 
83.08 
3L60 
34.67 



2L83 
23.50 
22.17 
25.00 
24.58 
21.00 
2L0O 
22.17 
21.75 
20.50 
24.25 
25.17 
25.25 
21.42 
22.75 
22.67 
24.00 
10.00 
24.75 
26.25 
21.00 
2L25 
26.42 
22.00 
24.42 
26.02 
21.00 
18.83 
22.42 
22.25 
17.83 
18.33 
22.25 
22.42 
26.17 
26.42 
27.58 
22.17 
10.83 
21.67 
24.08 
17.00 
82.06 
20.25 
20.83 



28.^ 
27.58 
25.42 
23.93 
22.83 
30.50 
30.17 
30.17 
25.50 
27.33 
20.75 
30.08 
24.17 
29.88 
30.25 
23.33 
27.75 
31.42 
28.25 
28.25 
30.83 
26.08 
19.75 
28.50 
25.83 
23.50 
22.17 
28.42 
30.75 
30.92 
3L97 
33.08 
29.50 
^.07 
26.43 
28.25 
23.33 
27.48 
23.83 
25.33 
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Tabub No. 14. — 8t, Lawrmee Biver at Montreal, Prmfinee of Qim(«o— ^Continaad. 



Year. 


ICay. 


June. 




July. Angnst 


• 


High. 


Low. 


MeiuL 


High. 


Low. 


Mean. 


High. 


Low. 


Meui. ! High. 


Low. 


MMa. 


laao 1 


36.26 
24.75 
26.76 
25.00 
27.00 
24.58 
22.00 
26.42 
23.68 
24.60 
28.76 
27.17 
26.83 
24.88 
26.33 
24.68 
23.76 
26.42 
23.00 
26.88 
26.83 
24.60 
21.83 
26.26 
24.50 
24.83 
28.67 
21.25 
21.25 
25.58 
23.83 
22.58 
22.83 
22.67 
24.42 
34.08 
25.08 
27.00 
24.67 
23.08 
24.58 
24.25 
19.33 
25.42 
23.25 
21.58 


Feet. 
21.76 
22.33 
28.00 
22.58 
23.17 
22.33 
30.17 
20.42 
22.33 
22.17 
20.68 
26.42 
23.00 
22.00 
24.00 
28.25 
21.25 
24.58 
19.08 
23.92 
21.68 
22.00 
20.00 
22. 76 
20.17 
20.25 
25.42 
19.25 
19.75 
22.50 
22.00 
19.17 
20.17 
20.83 
22.83 
22.83 
21.92 
22.75 
20.83 
19.68 
22.08 
21.00 
17.92 
20.75 
20.75 
19.25 


Feei. 

*2i."08' 
23.83 
23.00 
23.67 
28.08 
26.25 
24.83 
23.58 
25.42 
24.08 
21.83 
25.00 
20.92 
25.25 
24.42 
23.42 
21. 17 
24.17 
32.17 
22.75 
27.42 
19.92 
20.50 


Feet. 
23.76 
23.83 
22.76 
24.00 
23.67 
23.00 
20.00 
23.83 
23.88 
23.76 
22.42 
26.76 
22.88 
22.83 
23.92 
23.25 
22.83 
26.60 
21.88 
23.60 
21.83 
22.17 
21.08 
26.08 
24.42 
22.92 
26.83 
19.26 
10. A7 


Feet. 

19.00 
21.17 
21.42 
21.25 
20.58 
21.00 
19.08 
23.00 
2L76 
21.92 
20.83 
2L68 
20.38 
20.08 
19.88 
19.92 
31.00 
21.83 
18.67 
21.17 
19.88 
19.68 
18.33 
20.50 
22.00 
17.75 
22.75 
18.17 
18.58 
10.68 
19.92 
18.17 
21.67 
21.67 
19.75 
20.83 


Feet. 

ii'.ii 

23.60 
22.68 
22.67 
20.60 
23.67 
21.60 
21.25 
21.42 
21.08 
21.67 
23.83 
20.00 
21.83 
20.67 
20.50 
20.17 
22.25 
23.25 
20.17 
24.38 
18.60 
19.08 
20.76 
21.42 
19.25 
22.58 
22.17 
20.92 
21.75 
21.08 
21.08 
21.83 
22.08 
23.76 
19.50 
19.42 
22.50 
20.50 
18.58 


Feet. 
10.75 
21.17 
22.00 
21.26 
20.67 
21.17 
19.26 
22.76 
22.42 
22.00 
20.83 
22.26 
20.88 
20.17 
20.00 
20.42 
20.76 
21.83 
18.67 
21.50 
19.67 
19.60 
18.42 
20.50 
22.17 
18.83 
22.42 
18.33 
18.76 
19.67 
19.92 
18.17 
21.75 
22.50 
19.58 
21.42 
20.68 
19.58 
20.50 
21.17 
22.17 
18.58 
21.25 
20.68 
20.17 
17.26 


Feet. 
18.26 
19.60 
19.33 
19.00 
18.83 
18.92 
18.83 
21.00 
20.58 
20.33 
18.67 
20.68 
10.33 
19.25 
18.60 
19.83 
19.00 
19.67 
17.60 
19.83 
19.08 
18.42 
17.17 
18.83 
19.33 
17.75 
19.75 
17.92 
18.00 
18.50 
18.33 
17.42 
19.60 


Feet. 

ii.'oi" 

21.68 
2L42 
2L00 
19.42 
2L58 
19.75 
19.75 
19.25 
20.83 
19.75 
20.83 
17.02 
20.42 
19.33 
18.92 
17.67 
19.67 
20.58 
18.08 
21.25 
18.08 
18.26 
18.76 
18.92 
17.75 
20.76 


Feet. 
18.83 
19.02 
30.00 
19.00 
18.88 
19.08 
19.00 
21.42 
20.92 
30.38 
19.26 
20.67 
19.75 
19.60 
18.68 
19.75 
19.25 
19.76 
17.67 
20.17 
19.17 
18.50 
17.08 
18.83 
19.58 
17.92 
19.67 
17.92 
18.67 
18.50 
18.33 
17.42 
19.67 
20.68 
19.83 
19.75 
19.50 
18.58 
17.92 
19.58 
19.58 
18.42 
19.50 
20.25 
17.92 
15.67 


Feet. 
17.00 
17.83 
18.08 
18.58 
17.42 
18.00 
18.00 
20.50 
19.58 
19.25 
18.58 
19.33 
18.75 
18.33 
18.00 
18.33 
18.42 
18.42 
16.67 
19.33 
18.25 
17.08 
16.00 
17.42 
17.42 
17.26 
18.26 
17.17 
18.00 
17.17 
16.83 
16.25 
18.83 
18.58 
18.08 
18.08 
18.08 
17.33 
17.25 
17.67 
18.58 
17.33 
17.42 
17.17 
16.25 
15.00 


Feet. 


1861 




1852 




1853 




1854 




1855 




1866 


18.88 


1857 


21.68 


1858 


20.88 


I860 


19.88 


I860 


18.88 


1861 


20.06 


1862 


19.26 


1863 


18.88 


1864 


18.38 


1866 


19.17 


1866 


18.83 


1867 


18.00 


1868 


17.17 


I860 


19.76 


1870 


1&76 


1871 


17.83 


1872 

1878 


16.76 
18.83 


1874 


18.42 


1876 


17.60 


1876 


18.83 


1877 


17.60 


1878 


18.33 


1879 


24.00 i 22.42 
23.08 22.67 


17.67 


1880 


17.58 


1881 


21.33 
21.83 
21.58 
24.08 


21.25 
23.60 
23.08 
SO 58 


17.00 


1882 


19.08 


1883 


20.50 < 21.42 


19.60 


1884 


18.75 
19.67 
19.38 
18.67 


19.26 
20.67 
19.83 
19.25 


18.75 


1885 


24.50 ! 23.17 


18.83 


1886 


23.42 ' 21,67 ! 20.50 
25.58,22.58 19.67 
22.92 23.00 20.92 


18.83 


1887 


18.08 


1888 


17.83 1 19.00 
19. 17 i 20. 08 
19.42 20.83 


17.50 


1889 


21. 17 22. 60 
23.58 , 24.25 
22.92 1 21.00 
18. 58 20. 92 


19.75 
22.33 
18.58 
18.50 
20.76 
19.83 
17.42 


18.50 


1890 


19.00 


1891 


17.92 
17.92 
18.75 
17.75 
15.17 


18.25 
19.33 
10.58 
19.17 
15.88 


18.00 


1892 


18.25 


1893 


28.75 
22.00 
20.50 


24.00 
21.50 
19.50 


18.08 


1894 


17.00 


1895 


15.83 
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Tabus No. 14. — St, La'wrenoe Biver at Montreal, Provmce of Quebec — Continued. 



Tear. 



1850.. 

1851. . 

1852. 

1853. 

1854.. 

1855. 

1856. 

1857. 

1858. 

1850. 

1860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 



September. 



IjOW. 



Ftet. 

17.50 

17.58 

18.58 

19.33 

17.67 

18.17 

18.42 

20.50 

21.42 

19.50 

19.58 

19.75 

20.17 

18.50 

18.50 

18.25 

20.67 

18.50 

17.17 

20.92 

18. 58 

17.75 

17.33 

17.50 

17.50 

17.25 

18.25 

17.25 

18.25 

17.17 

17.08 

16.50 

19.00 

18.58 

18.08 

18.25 

18.25 

•17.50 

17.50 

17.58 

20.08 

17.67 

18.08 

20.33 

16.42 

15.00 



High. 



Feet. 

17.00 

17.00 

18.00 

18.08 

17.08 

17.75 

17.75 

19.60 

20.00 

18.83 

18.00 

18.75 

18.67 

18.00 

17.58 

17.25 

18.58 

17.58 

16.58 

19.00 

17.58 

16.42 

16.50 

17.00 

17.00 

16.50 

17.75 

16.42 

17.58 

16.67 

16.33 

15.67 

18.00 

17.02 

17.42 

17.83 

17.83 

16.50 

16.75 

16.83 

18.25 

16.25 

16.67 

17.00 

15.92 

13. 83 



Mean. 



Feel. 



18.00 
19.83 
20.75 
19.17 
18.50 
19.08 
19.42 
18.25 
18.00 
17.75 
19.50 
18.00 
16.92 
20.00 
18.08 
17.00 
16.83 
17.25 
17.26 
16.83 
18.08 
16.67 
17.83 
17.00 
16.83 
16.17 
18.50 
18.17 
17.67 
18.08 
18.00 
16.08 
17.17 
17.08 
19.00 
17.00 
17.08 
17.83 
16.17 
14,50 



October. 



Norember. 



Low. 



Feet. 

18.33 

17.58 

19.00 

19.42 

17.50 

19.58 

18.83 

20.42 

21.17 

19.50 

19.00 

20.83 

19.67 

18.50 

19.68 

17.33 

20.17 

17.83 

16.92 

21.50 

18.33 

16.92 

18.17 

19.08 

17.08 

17.50 

18.17 

16.92 

20.00 

16.92 

17.17 

15.92 

18.67 

13.33 

16.00 

20.00 

18.25 

16.92 

17.25 

17.42 

18.42 

16.33 

17.08 

17.17 

17.08 

14.33 



High. Mean. 



Feet. 
17.00 
16.92 
18.17 
18.58 
17.08 
18.00 
17.58 
19.17 
19.33 
18.58 
18.42 
19.83 
18.75 
17.83 
18.08 
16.33 
17.83 
17.25 
16.00 
19.25 
17.17 
16.17 
16.58 
17.25 
16.42 
16.50 
17.58 
16.17 
17.76 
15.83 
16.25 
15.42 
17.08 
17.00 
17.42 
18.08 
17.75 
16.25 
16.33 
16.08 
17.75 
16.50 
16.00 
16.42 
16.00 
13.17 



Feet. 



18.33 
19.58 
20.42 
19.08 
18.75 
19.08 
19.08 
18.25 
18.83 
17.00 
18.83 
17.58 
16.42 
20.25 
17.67 
16.50 
17.58 
18.17 
16.83 
16.92 
17.83 
16.50 
18.33 
16.50 
16.67 
16.75 
17.60 
17.92 
17.68 
19.33 
18.00 
16.58 
16.75 
16.83 
18.00 
15.92 
16.58 
16.83 
16.58 
13.83 



Low. 

Feet. 
18.33 
17.67 
19.83 
20.00 
18.25 
22.00 
17.83 
21.58 
20.17 
22.17 
20.00 
21. 25 
20.17 
20.17 
20.50 
17.50 
22.17 
17.08 
17.83 
19.00 
18.92 
16.13 
17.83 
19.50 
16.58 
17.58 
18.33 
17.83 
20.25 
17.00 
19.08 
16.33 
17.67 
19.25 
18.75 
19.17 
18.75 
16.50 
20.08 
17.17 
18.75 
17.50 
18.26 
16.92 
17.33 
15.60 



High. 



Feet. 

17.00 

16.92 

18.42 

18.75 

17.08 

18.58 

17.00 

19.68 

18.75 

18.25 

18.83 

20.00 

18.83 

18.00 

18.83 

16.26 

18.60 

16.42 

16.33 

18.00 

18.17 

16.08 

16.33 

17.83 

16.17 

16.17 

17.67 

16.42 

18.92 

16.42 

16.50 

15.58 

16.75 

18.08 

17.33 

17.50 

17.67 

15.83 

16.68 

15.67 

17.50 

14.92 

16.25 

16.17 

16.00 

13.26 



Mean. 



Feet. 



.u. 



17.60 
20.60 
19.58 
19.75 
19.50 
20.67 
19.42 
19.08 
19.67 
16.76 
20.08 
16.75 
17.08 
18.50 
18.50 
16.42 
17.17 
18.50 
16.42 
16.75 
18.17 
16.92 
19.50 
16.08 
18.08 
16.08 
17.25 
18.42 
17.92 
18.08 
18.08 
16.17 
18.00 
16.33 
17.92 
15.67 
17.08 
16.50 
16.83 
13.83 



December. 



Low. 



Feet. 
33.00 
83.33 
24.25 
30.67 
80.25 
25.58 
84.83 
23.08 
83.50 
35.92 
82.58 
26.42 
28.17 
32.00 
25.75 
28.17 
25.50 
32.75 
31.83 
32.17 
25.25 
31.42 
27.25 
34.58 
29.58 
32.83 
34.92 
17.92 
21.83 
32. 25 
31.42 
16.50 
30.17 
35.83 
34.17 
30.75 
33.50 
31.00 
27.00 
18.67 
33.92 
18.50 
33.00 
35.50 
27.17 
29.50 



High. Mean. 



Feet. 

17.58 

17.00 

19.25 

18.33 

17.92 

19.00 

17.08 

19.83 

18.17 

20.25 

18.75 

19.83 

18.67 

18.75 

20.33 

16.67 

21.42 

16.58 

16.67 

18.50 

17.67 

16.17 

16.17 

20.25 

16.17 

19.17 

17.75 

17.08 

19.42 

16.08 

17.58 

16.00 

16.50 

18.76 

17.25 

18.08 

18.00 

16.00 

16.17 

16.60 

17.33 

16.42 

16.67 

16.08 

15.92 

14.75 



Fest. 



23.75 
20.50 
23.42 
26.33 
24.00 
21.00 
21.58 
22.08 
22.17 
19.83 
22.17 
25.58 
23.83 
25.67 
18.75 
27.50 
19.75 
25.75 
21.50 
28.83 
26.17 
17.58 
20.50 
20.92 
22.50 
16.25 
22.50 
23.08 
22.08 
21.75 
25.58 
18.00 
20.33 
17.58 
26.58 
17.60 
20.17 
26.25 
17.33 
21.08 
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Table No. 15. — St, Lawrence Biverfrom Presoott to Montreal, 

[Monthly mean of water levels above or below the zero of gauge at Oedensbnrg and above miter sills 

of the several locks at the places named.] 

Elevations of the several planes of reference, in feet, above mean tide at New York City : 



Ogdensbnrg 246.33 

Galops, old Lock 27 235.15 

Galops, old Look 25 218.52 

Rapide Plat, old Look 23 205.82 

Parrans Point, old Lock 22 193. 77 

Cornwall, Ido Lock 15 144. 86 



Cornwall, new Lock 15 139.28 

Valleyfield, old Lock 14 142.52 

MelocheviUe, old Lock 6 .* 60.83 

Lachine, old Lock 5 58. 39 

Montreal, old Lock 1 7. 10 



Month. 



Ogdens 
burg. 



1870. 



January . . . 
February . , 

March 

April 

May 

June 

July 

August — 
September . 
October — 
November , 
December.. 



Feet. 
L60 
1.73 
L53 
2.72 
3.24 
2.97 
2.73 
2.40 
1.56 
L24 
LOl 

a. 87 



1895. 



January . . . 
Pebruary . . 

March 

April 

May 

June , 

July 

August — 
September . 



— .60 

— .67 

— .92 
— L09 
—1.64 

October io— 1. 76 

November 

December 



Galops Canal. 
Lock 27. Lock 25. 



Feet. 
10.75 



10.60 
11.60 
12.67 
12.42 
12.25 
11.75 
10.67 
10.50 
10.33 
10.08 



8.00 
7.17 
7.42 
8.50 
.8.83 
8.67 
8.33 
8.25 
7.92 
7.67 
7.42 
7.58 



Feet. 
12.25 



12.25 
14.25 
16.67 
16.33 
16.17 
14.08 
13.58 
13.00 
12.25 
12.08 



8.83 
7.50 
8.00 
9.92 
10.33 
10.17 
9.67 
9.42 
8.83 
8.33 
7.83 
7.83 



Bapide 

Plat, 

Lock 23. 



Feet. 
10.42 



10.60 
n.83 
12.58 
12.33 
12.08 
11.42 
10.75 
10.50 
10.17 
10.04 



6.92 
7.42 
7.92 
7.50 
7.75 
7.58 
7.17 
6.92 
6.42 
6.92 
5.50 
5.92 



Par- 
rans 
Point, 
Lock 22. 



Feet. 
8.04 



7.92 

9.42 

10.83 

10.75 

10.50 

10.33 

9.92 

9.50 

9.25 

8.75 



8.33 
7.25 
7.33 
8.33 
8.50 
8.33 
8.08 
7.92 
7.50 
7.17 
6.67 
7.00 



Corn- 


Valley- 


wall, 


Held, 


Lockl& 


Lock 14. 


Feet. 




Old 




Lock. 


Feet. 


17.08 


12.83 


25.42 


12.98 


22.83 


12.36 


13.25 


13.31 


12.42 


13.42 


12.08 


13.28 


11.92 


13.17 


11.67 


12.94 


11.17 


12.64 


10.92 


12.44 


10.58 


12.28 


11.00 


12.19 


New 




Lock. 




15.83 


11.50 


14.17 


10.67 


14. 08 


10.68 


(15.69) 


11.95 


15.25 


11.48 


15.08 


n.28 


(14. 70) 


10.96 


14.67 


10.98 


14.33 


10.54 


14.04 


10.39 


13.92 


10.17 


14.33 


10.47 



Me- 
loche- 
viUe, 
Lock 6. 



Feet. 

12.75 

14.75 

14.42 

14.60 

14.67 

13.08 

12.50 

n.75 

10.92 

10.42 

10.92" 



12.76 

15.67 

13.17 

12.17 

12.33 

11.17 

9.67 

9.17 

8.67 

8.58 

8.33 

9.67 



La- 
chine, 
Lock 5. 



Feet. 

11.75 

11.60 

10.92 

14.76 

14.92 

12.68 

11.92 

11.42 

10.83 

10.67 

11.00 

10.75 



10.75 

9.08 

8.58 

11.75 

12.83 

11.33 

9.83 

9.50 

8.92 

8.67 

8.50 

9.67 



Mon- 
treal, 
Lockl. 



Feet. 
33.08 
32.17 
29.83 
30.25 
24.42 
20.67 
19.33 
18.75 
18.08 
17.67 
18.50 
18.75 



28.92 
24.67 
23.08 
25.33 
20.50 
18.58 
15.83 
15.33 
14.50 
13.83 
13.83 
21.08 



a No record for the last sev^n days of the month. 

Note. — Interpolated monthly means are indicated by parentheses. The interpolation (April and 
July, 1895) at ComwfJl was made by comparing with the record at Valleyfield and assuming that the 
slope between the two points was practically the same as for the preceding and following months. 



Water levels for 1896 for the Great Lakes an4 St, Lawrence Biver, 

els above or below the plane of reference ado] 
and given in the "Tables of Water Levels.] 



[Monthly mean of water levels above or below the plane ofreference adopted for the several localiti es 

1)16 



Date. 



1896. 

January... 
Pebruary . . 

March 

April 

May 

June 

Jiily 

August 

September . 
October 



I Sault Ste 
Lake i Marie. 

Snpe- I 

rior at Above 
Dnluth. the 

! locks. 



Feet. 
3.00 
3.20 
3.40 
3.31 
2.66 
2.28 
2.22 
2.20 
2.37 
2.69 



Feet. 
3.27 
3.27 
3.47 
3.39 
2.77 
2.36 
2.23 
2.21 
2.35 
2.77 



Below 

the 
looks. 



Feet. 
582. 88 
582. 96 
582.63 
582. 19 
582.11 
582. 51 
582.70 
582.85 
582. 71 
582. 25 



Lake 
Michi- 
gan at 
Milwau- 
kee. 



Feet. 
5.67 
5.63 
5.62 
5.44 
5.16 
4.84 
4.90 
4.97 
5.07 
5.12 



Lake 
Huron 
at Sand 



Lake 
Erie at 
Cleve- 



Beach. land. 



Feet. 
5.69 
5.57 
5.67 
5.64 
6.24 
4.87 
4.81 
4.77 
4.95 
5.15 



Feet. 
4.15 
4.23 
4.28 
3.83 
3.45 
3.28 
3.29 
3.14 
3.41 
3.65 





Lake 


Lake 


Cham- 


Ontario 


plain 


at Os- 


at Fort 


wego. 


Mont- 




gomery. 


Feet. 


Feet. 


-0.32 


3.28 


.20 


2.46 


.37 


4.15 


a 1.30 


6.63 


6L31 


5.59 


1.22 


3.08 


.96 


2.04 


.82 


1.35 


.34 


.81 


.31 


.92 



St. Lawrence 
River. 



Valley- 
field. 



Feet. 

11.20 

n.l9 

10.69 

11.96 

11.55 

1L45 

11.25 

11.09 

10.77 

10.44 



Mon- 
treal. 



Feet. 
27.63 
26.16 
26.02 
29.52 
20.51 
18.09 
16.39 
15.55 
14.76 
14.78 



a Three* tenths foot of this (1.30) was due to effect of backwater at gauge from unusual ft^eshet in 
river. 
b Sixteen-hundredths foot due to backwater. 



EXHIBIT B3. 

BASIN OF THE GREAT LAKES AND OF THE ST. LAWRENCE 

AND HUDSON RIVERS.^ 



By J. E. M ALONE Y. 



INTRODUCTION. 

I have measured the areas of the several lakes, and the St. Lawrence 
and Hudson rivers, and their watersheds, also several subordinate 
basins, and submit herewith tabular statements of the results, and a 
map which shows the basins as a whole, and the important divisions 
in relation to the surrounding drainage systems. 

DATA. 

The results were obtained from the following data: Maps and charts 
issued by the several departments of the Canadian and United States 
Governments; maps of the geological and other surveys issued by the 
different States; maps and reports of canal and water power projects; 
maps compiled by private publishers; reports of the Chief of Engin- 
eers, United States Army, and of the State engineer and surveyor of 
New York; records of private surveys in New York State. 

METHOD OF COMPUTATION. 

The method pursued was as follows: The areas were divided into 
quadrilaterals, for^ied by 30' of arc on the meridians and parallels. 

The area of each quadrilateral was figured by multiplying the middle 
distances together; for instance, the area between 39^ 00' and 39° 30' 
of latitude and any 30' of longitude was obtained by multiplying the 
distance between the meridians at the parallel of 31P 15' into ti«e dis 
tanceoii the meridian from 39° 00' to 39° 30'. These areas were figured 
and results tabulated tor each 30' between the limits of latitude covered 
by the basins, and the tables then used in computing the areas of the 
several basins. The middle distances are in statute miles and are taken 
from the tables in the report of the United States Coast and Geodetic 
Survey for 1884, Appendix No. 6. Quadrilaterals containing part land 
and part water, or divided by the different watershed lines, were pro- 
portioned by means of a planimeter. The work was checked by run- 
ning the planimeter over the area as a whole and comparing with 
results obtained by figuring the separate quadrilaterals. The results 
have in general compared within 1 ]»er cent. An approximate check on 
the gross area was taken by means of the maps of the United States 
Geoh)gical Survey, and showed a difference of about 1^ per cent in a 
total of 420,000 square miles. 

*■ Accompanied by Map No. B. 
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AREAS OF WATER. 

In the lakes the termiDals were placed so as to iuclude as near as 
possible for each lake all waters on the same level. St. Marys River 
is divided at the Sault Ste. Marie lock, part going in with Lake Supe- 
rior and part with Lake Huron. Between Lake Huron and the St. 
Clair River the division is made at Port Huron just below the mouth of 
the Black River. Between Lakes Erie and Ontario Niagara Palls is 
taken as the dividing point. Lake Ontario is considered as ending at 
the head of Galops Rapids, including part of the St. Lawrence River 
in its area. The areas of the Great Lakes and of the St. Lawrence 
River were figured from the charts of the Lake Survey and of the 
Hydrographic Office of the United States. The areas of the Hudson 
River, Lake Champlain, and Kew York Bay were figured from the 
charts of the Coast and Geodetic Survey. The areas of the Great Lakes 
and of the St. Lawrence and Hudson rivers and Lake Champlain are 
as follows : 



Name. 



Lake Superior 

Lake Michigan 

Lake Huron 

Lake St. Clair (including St. Clair and Detroit rivera) 

Lake Erie 

Lake Ontario 

St. Lawrence Kiver (Galops to fnduth) 

Hudson Eiver (Troy to mouth) 

Lake Champlain 

Total area of water 



Area 

in square 

miles. 



31,800 


22, 400 


23,200 


495 


10,000 


7,450 


5,395 


140 


400 



101,280 



AREAS OF WATEBSHEBS. 

The lines marking the limits of the watersheds under consideration 
were carefully determined and marked on the maps of the several basins; 
the land-office and post-route maps being used for the United States, 
sund the map issued by the department of railways and canals, for 
Oauada. These xoMaps were then checked by means of all the local 
mttspB and otbBT data available; This method was followed for all tbe 
divisions in the United States and for the subsidiary ba^ns in Canada. 
The main divisions in Canada were determined and marked on the 
maps by Dr. Gt. M. Dawson, deputy head and director of the geologieal 
survey, and Mr. Hugh Y. Payne, chiief of the meteorological office, 
Ganada. The areas ^ a few of the subsidiary watersheds were taken 
from actual surveys and are so noted in the tables. The areas of the 
several main watersheds are as follows : 



Name. 



I/ake Superior . . 

Lkke Michigan — 

Lake Huron 

Lake St. Cladr 

Lake Erie 

Xiake Ontario 

St. Lawrence River (exclusive of Ottawa basin and Chankplain watershed) 

Hud son River > 

Ottawa River (total basin) , 

Lake Champlain 

Total area of watersheds - 



Area 

in square 

miles. 



48,000 
45.700 
52,100 

6,320 
24,480 
25,530 
129,385 
13,140 
56,470 

7,960 



409,686 



KEPOBT OF U. S. DEEP WATERWAYS C0MMI8BI0N. 



147 



AXBA OF BASINS. 

The area of the basin is made ap of the area of the water surface and 
of the watershed, and the areas of the main basins are given in the sum- 
mary and also in detail in Tables 4 to 13. 

ELEVATIONS. 

The elevations given in the tables and on the map were reduced in 
the of&ce of the Commission, and are from the best obtainable data. 
The elevations of the Great Lakes and of many points on the rivers 
and divides are given in the tables, and also on the general map. All 
elevations are in feet above mean tide at ^ew York City. 

GENERAL SUMMARY. 

The following is a generqj summary of the several areas which 
appear in detail in the tables : 



Name. 



Lake Superior 

Lake Michigan 

Lake Huron 

Lake St. Clair 

Lake Erie 

Lake Ontario 

St. Lawrence Kiver (Galops to Montreal) . 



Total to Montreal 



Ottawa River (head to mouth) 

Lake (Thamplain 

St. Lawrence Kiver (Montreal to Quebec) 
St. Lawrence River (Quebec to mouth) . . . 



Total, Montreal to mouth St. Lawrence River. 



Area of 

water in 

square 

miles. 

31. 800 
22, 400 
23, 200 

495 

10,000 

7,450 

220 



95, 5G6 



400 

375 

4,800 



5,575 



Area of 

watershed 

in square 

miles. 



48,600 
45, 700 
52,100 

6,320 
24,480 
25, 530 

5,710 



Area of 

basin 

in square 

miles. 



80,400 
68,100 
75, 300 

6,815 
34,480 
32, 980 

5,930 



208, 440 



304, 006 



7,960 
37, 475 
86,200 



a 56, 470 

8,360 

37, 850 

91,000 



131, 635 



193,680 



RECAPITULATION. 



Lakes and St. Lawrence River to Montreal 


95,565  208,440 304,005 


From Montreal to mouth St. Lawrence River 


5.575 iai,685 i 193,680 


Total to mouth St. Lawrence River 


101,140 . 340,075 4147,685 

b 140 13, 140 13, 280 

1 


Hudson River .. 





a Total basin ; water surface and watershed not separated. 
b Water area from Troy to meath only. 

TABLES APPENDED. 

Ko. 1 gives the elements used in figuring the areas of the quadri- 
laterals. 

No. 2 is a list of the charts, maps, and other data consulted. 

No. 3 shows a comparison of the results with those determined by 
Mr. L. Y. Sohermerhorn, assistant engineer, United States Army, and 
Piublished in Ameripau Journal of Science in 1887. The difteretice in 
Lake Huron basin is probably due to the placing of the divide through 
the Province of Ontario, as the area of the watershed in Ontario, as we 
figure it, is larger than the total watershed for the lake as Mr. Soher- 
merhorn gives it. Difiereut terminals may account for some of the 
other differences. 

Tables Nos. 4 to 13 show the water and land areas, with elevations, 
and the areas of the different subdivisions. 

Kespectfully submitted. 

J. E. M ALONE Y. 

Mr. L. E. CooLBY, O. E., 

Engineer J Deep Waterways Commission. 
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No. 1. — Table of distances on meridians and parallels for SC of arc, and areas of 

quadrilaterals formed by SO' arcs, 

[Areas figured by middle distances.] 







Length of 






Lensth of 
30' ofarc of 






Area of 






30' of arc of 










30' quadri- 


Latitude. 


tbe merid- 


Latitude. 


the paral- 


Latitude. 


lateral in 






ian in stat- 






lels in stat- 






square 






ute miles. 






ute miles. 






miles. 


o 

39 
39 


00 
30 




o 

39 

39 


15 
45 


26.819 
26.628 


o 

39 
39 


00 
30 


925.'i'* 


""34.'492'" 


40 


00 


34.495 


40 


15 


26.435 


40 


00 


918.5 


40 


30 


34.498 


40 


45 


26. 239 


40 


30 


911.9 


41 


00 


34.501 


41 


15 


26. 041 


41 


00 


805.3 


41 


30 


34.504 


41 


45 


25.842 


41 


30 


898.6 


42 


00 


34.508 


42 


15 


25. 639 


42 


00 


891.8 


42 


30 


34.511 


42 


45 


25.437 


42 


30 


884.8 


43 


00 


34.514 


43 


15 


25.2»1 


43 


00 


877.9 


43 


30 


34.517 


43 


45 


25.023 


43 


30 


870.9 


44 


00 


34.520 


44 


15 


24.814 


44 


00 


863.8 


44 


30 


34. 523 


44 


45 


24.604 


44 


30 


866.7 


45 


00 


34.525 


45 


15 


24.390 


'46 


00 


849.6 


46 


30 


34.528 


45 


45 


24. 175 


45 


30 


842.1 


46 


00 


34. 531 


46 


15 


23.959 


46 


00 


834.8 


46 


30 


34. 534 


46 


45 


23. 740 


46 


30 


827.4 


47 


00 


34.538 


47 


16 


23.520 


47 


00 


819.9 


47 


30 


34.541 


47 


45 


23. 298 


47 


30 


812.4 


48 


00 


34.544 


48 


15 


23.074 


48 


00 


804.8 


48 


30 


34.547 


48 


45 


22.847 


48 


30 


797.1 


49 


00 


34.550 


49 


15 


22. 620 


49 


00 


789.4 


49 


30 


34.553 


49 


45 


22. 391 


49 


30 


781.6 


50 


00 


34.556 


60 


15 


22.160 


5i) 


00 


773.7 


50 


30 


34.559 


50 


45 


21. 927 


50 


30 


765.8 


51 


00 


34.562 


51 


16 


21. 693 


51 


00 


757.8 



REMikRKS.— DLstances on meridians and parallels taken from report of Coast and Geodetic Survey, 
1884, Appendix No. 6. 



No. 2 — Table of maps, charts, and other data consulted, 

CANADIAN DATA. 

Maps: 

Department of railways and canals. 

Geological survey. 

Crown land department in the Provinces of Quebec and Ontario. 

Lake Simcoe, showing watersheds. 

Report and map of the Georgian Bay route. 
Letters : 

Dr. G. M. Dawson, deputy head and director of the geological survey. 

Mr. Hugh V. Payne, ciiief of meteorological office. 

T7NITBD STATES DATA. 

Maps: 

Land Office, Department of Interior. 

Postal route, Post-Office Department. 

Geological survey of Wisconsin and Michigan. 

TJnit«»a States Geological Survex s. 

New York State surveys (geological and Adirondack). 

New Jersey geological survey. 

Sanitary district of Chicago (watersheds in Illinois, Wisconsin, and Indiana). 
Charts: 

Unit43d States Lake Survey. Charts of the Great Lakes and the St. Lawrence Biver. 

Hydrographic Office, United States Navy. 

United States Coast and Geodetic Survey. Charts of Lake Champlain, Hudson River and New 
York Bay. 
Reports: 

Chief of Engineers, United States Army. 

State engineer and surveyor of New York. 

St. Louis River water power project. 

Lakes and Gulf waterway, by L. E. Cooley, C. E. 
Maps of surveys of lakes in Oswego Basin. 
Letter: Prof. N. T. Clarke (lakes in Oswego Basin). 
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No. 3. — Table showing comparison of areas of lakes and watershedsj as figured hy United 

State Deep Waterways Commission and as preciously used. 



Xame of lake. 


Area of wator snrface 
(square miles). 


Area of watersheds 
(square miles). 


Area of aggre^rate basin 
(square miles). 


United States 
Commission. 


L. T. Scber- 
merhorn. 


United States 
CJommission. 


L. T. Scher- 
merhom. 


United States 
Commission. 


L. Y. Scher- 
merhom. 


Superior a 

Michigan 

Haron b 

St.Clair« 

Erie d 


81,800 
22,400 
23,200 
405 
10,000 
7,450 


31.200 

22,450 

23,050 

460 

9,975 

7,240 


48,600 
45,700 
52.100 
6,320 
24,480 
25,530 


51,600 
37. 700 
32,500 
8,400 
23,000 
21, 600 


80,400 
66,100 
75,300 
6,815 
34,480 
32,980 


82,800 
60,150 
56,450 
8,860 
82, 075 


Ontario e 


28,840 


Total area of 

a11 hAMina . . 


298, 075 


270, 076 


1 


1 1 







a Lake Superior includes the St. Marys Kiver to the Sault Ste. Marie. 

b Lake Huron includes the St. Marys River from Sanlt Ste. Marie to the mouth, and Georgian Bay. 

e Lake St. Clair includes the St. Clair and Detroit rivers. 

d Lake Erie includes the Niagara River to the falls. 

e Lake Ontario includes the Niagara River from the falls to the mouth, and St. Lawrence River from 
the head to head of Galops Rapids. Lake Ontario probably does not include any of the St. Lawrenoe 
Biver. 

Tables showing the water and land areas, with elevations, and the areas of the different 

subdivisions. 

No. 4.— LAKE SUPERIOR. 
Description : 

Terminals — West end at month of St. Louis River; east end at Sault Ste. Marie. 
Elevation — Standard low wat«r, 600.69 feet; standard high water, 604.76 feet. 
Limits— Latitude, 46^° to 49^ north ; longitude, 84}° to 92^° west. 
Length— 354 miles on right line (from St. Louis Bay to Michipicoten Bay). 
BreMth— 162 miles on right line (abnat on meridian SQ° 40' west). 
Area: Sq. miles. 

Area of water s urfaoe 31, 800 

Area of watershed — 

Ontario 30,780 

Minnesota 6,800 

Wisconsin 3,160 

Upper Michigan 7,860 

48,600 

Total area of basin 80,400 

Memoranda : * 

Area of all islands, 620 square miles. 

Area of detached bays and St. Marys River, 1,450 square miles (St. Marys River to Sault 

Ste. Marie, 40 square miles). 
Lake Nepignon — 

Elevation (Dawson), 854 feet. 

Area of water surface 1, 780 

Area of watershed 6, 460 

Total area of basin 8,190 

St. Loais River- 
Elevation at head of rapids above Thompson, Minn., 1,173 feet. 
Area of basin above Fond dn Lac (from water power report by J. Birkinbine, C. E.) .... 3. 721 

NOTB. — All elevations are given in feet above mean tide at New York City in this and the follow- 
ing tables. 

No. 5.— LAKE MICHIGAN. 
Description : 

Terminals— South end at parallel 41° 30' north; north or east end at meridian through Mackinaw 

City Light- House, about 84° 39'. 
Elevation— Standard low water, 579.60 feet; standard high water, 584.34 feet. 
Limits— Latitude, 41^° to 464° north; longitude, 841° to 88° west. 

Length — 316 miles on right line (from shore line south end, at 87° 30', to north shore line, at 85° 450. 
Breadth— 118 miles on right line (about 45° 25' north). 
Area : Sq. miles. 

Area of water surface 22,400 

Area of watershed — 

Michigan 28,500 

Wisconsin 14,200 

Indiana 2,300 

Illinois 700 

46,700 

Total area of basin 68,100 
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Taiblea ghowing the water and land weas, toitft eiwa^HmUi «to.~€oiitia|^9X«d. 

No. 13.-^QULF OF 8T. LAWRBNCB AND NEW YOKK BAY. 

Ou^ of 8L Lawrence, 
Description : 

Terminal8-.Moath of St. Lawrenoe Blver ftt Pte do Moixto; Straito ef Belle Isle about at Cape 

Norman; at a line firom Cape Ray to Cape North. 
Limits— Latitude, 46^ to 51^° ; longitude, 5«o to 97o. 
Area: Sq. miles. 

Areaof water surface 87,200 

Areaof watershed 96,600 

Total area of basin 183,700 

Area of principal islands in Gulf , 5,300 

Nev) York Bay. 
Description : 

Terminals— Mouth of Hudson River at the Battery, New York City; line from Vbregs !Neck 
across Long Island 8ound to Willets Point; line from Sandy Hook to west end Rockaway 
Beach. 
Area: Sq. miles. 

Area of water surface — 220 

Area of watershed — 

New Jersey 2,345 

New York S75 

2,920 

Total area of basin 3,140 



KXHIBIT B4. 

EFFECTS OF GALES ON LAKE ERIE., 



By Wm. T. Blunt, United States Assistant Engineer. 



INTBODUCTION. 

Of all the five Great Lakes, Tial^e Erie shows the largest fluctuations 
of surface in heavy winds. The cavis(e is readily seen. Its axis extends 
WSW. and ENE, over its main body, with a shai:p turn at the islands 
to W. by ST. and E. by S, As bard windsr of long duration are almost 
invariably fr:ou> SW, or KE.^and as the lake ts, ojik the whole, compara- 
tively shoal, the eflfect of the wind will be at a maximum. Aside from 
this, the shallowness of the lake and consequent danger to navigators, 
and the fact that the greater portion of water traffic from the northwest 
leads directly to its shores, tend t<> make changes of level more notice 
able and impioytant, even were they not lai:ger than on other lakes. 

Strong westerly and easterly winds are quite frequent, as nearly 
every storm crossii^g the country, whether from the Saskatchewan, 
Rocky Mountain, or Gulf regio^, passes near enough to Lake Erie to 
be fe/t. Even the West India hurricanes, which usually follow u]) the 
Atlantic coast, extend their influence as far as this lake, and occasion- 
ally, as in October, 1893, veer across and pass directly over it.  

Generally speaking, if tl\e storm center (indipatiBd by lowest barom- 
eter) pass to the northwest of Lake Erie, the most severe wind will 
be from the westward; if it pass to the southward, severe easterly 
winds will result. 

By far the greater number of important, disturbances pass to the 
northward, consequently westerly gales are the more frequent. These 
Usuaily occur in the fall of the yea^r when vessel^i are endeavoring to 
close the peason with a "few mo^e'^ trips, so that tlieir importance is 
naturally magnified over tliat of easterly gales, which more often occur 
in the early spring before navigajtipn fully opeus. 

The effect of westerly winds upon the water s^nrface is generally 
greater than that of easterly winds. The storm center approaching 
from the westward caus^ th^e gale to begin at Tpledo earlier th^n at 
Buffalo; consequently the we&terly gale pushes the water ahead of it, 
while the easterly gale draws the water toward it. In additioa to this, 

' Prepared for tlie United States Beep Waterways Commission, Toledo, April, 1896, 
accompanied by three sheets of tracings. 
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the barrier formed by the close line of islands near the west end andonbt- 
edly acts in the same direction, partially turning back the broad wall 
of water from the eastward, but allowing the passa^ire of the smaller 
amount from the westward into the larger expanse to the eastward. 

It is generally true that in each year the most severe easterly gale 
occurs in or near April, raising the water 4 to 6 feet at the west end of 
the lake and lowering it about the same at the east end ; and the most 
severe westerly gale in or near October, lowering the water 7 to 8 feet 
at the west end, and raising it 5 to 8 feet at the east end. At other 
times of year equally extreme conditions sometimes obtain, but not as a 
rule. Changes of 2 to 4 feet (or a total of 4 to 8 feet in the length of 
the lake) are of so frequent occurrence as to be considered common, and 
not heretofore matter of special record. 

Eeliable records of water levels began in 1859 at Cleveland, somewhat 
later at Erie and Buffalo, and quite recently at Ashtabula, Monroe, and 
West Sister Island. None of tliese records are entirely complete as to 
extremes reached between the regularly required three readings per day ; 
consequently in all except general studies of lake levels we are con- 
fronted at once by that common bugbear '^ insufficient data."' 

For a detailed study of storm ettects, the record of variations along 
the north shore is also a prime necessity. So far as I have been able 
to learn, there is no such record. 

The datum plane adopted by the CJnited States Lake Survey for 
reduction of its soundings was the mean level of the lake during the 
sixteen years 1860 to 1875, inclusive, as observed on the Cleveland 
gauge; and while the mean level will be varied somewhat by the addi- 
tion of each year's observations, it may be noted that the mean for the 
thirty-five years 1860 to 1894, inclusive, is practically the same as that 
for 1>60 to 1875. 

Before the determination of lake elevations above mean tide at New 
York, a '' plane of reference " was used for Lake Erie, which purported 
to be the high water of June, 1838, as fixed with more or less accuracy 
at Cleveland. This assumed horizontal plane was referred to bench 
marks, and the mean level (1860-1875) was found to be 2.34 feet below 
it. It is still quite generally used for convenient comi)arison with past 
records. Since the connection of the Hudson Eiver levels with those 
of the lakes in 1875 the reference to mean tide at New York has come 
into general use. While this reference plane is itself determinate, and 
while instrumental levels have connected it with the east end of Lake 
Ontario, the rigid determination of points along the lakes has never 
been made, so that all heights referred to mean tide must still be held 
as approximate. In the survey of the Northern and Northwestern 
Lakes the assumption was made that the mean surface of each lake 
was level within the limit of possible instrumental errors in traversing 
its length, and all heights and gauges west of Oswego have been based 
on this assumption. The actual period of observations used to transfer 
the level by lake surface was from May 11 to August 31, 1875; and 
while it is certain that the eminent officer then in charge of the survey 
took every precaution to obtain accurate results, it will still be a matter 
of scientific if not of practical interest to have a verification of these 
elevations. When we consider the marked effects of even light winds 
on the surface of Lake Erie, the very decided effects of strong con- 
tinuous winds, and the extraordinary effects of gales, in connection with 
the fact that the great preponderance of winds is from the westward, 
the proposition that even the mean surface is level appears somewhat 
clouded; it at least requires verification. 
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The following table i? compiled from the office recorda of the Weather 
Bnrean, at Toledo, Ohio: 
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The following points are worth noting: 

First. The total wiiid movement from SW,, W., and NW. is 60j per 
cent of the whole, or one half more than that from the five other points, 
and covers 56J per cent of the time, or one-third more than that Irom 
the five other points. 

Second. The proportion of moveuient to time is in excess in the SW., 
W., and NW. win<ls, while in the five other points time is in excess of 
movement. In other words, the velocities in westerly winds are greater 
than in those from other quarters. 

Third. The only winds having any decided eflect on tlie lake surface 
as a whole are those from SW, and W., and from N15, and B. These 
are compared in the second table above. Both movement and time 
ftom SW. and W, are more than double those from NE. and E. Tim^ 
predominates in easterly winds, while the reverse is true in westerly 
winds. 
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Fourth. The resultant movement and direction in the average month 
are most decidedly from the westward. In ord^ to vividly comprehend 
the meaning of tins, we may imagine a particle of matter moving abso- 
lutely with the wind. It follows exactly the movement of each change^ 
and at the end of the month, having traveled 7,400 miles, it is found 
2,000 miles nearly due east from its starting point. 

While these deductions are based on the record at Toledo alone, they 
are fairly indicative of the conditions existing at other Lake Erie 
stations, as is shown by a glance at such records as are at hand. 

At all Lake Erie stations having continuous self-registering instru- 
ments, in the year 1894, both the resultant movements and directions 
were from the southwest quadrant, the resultant movement being from 
26 to 50 per cent of the total movements. 

This naturally tends to keep the mean level of the east end of the 
lake higher than that of the west end. No current has ever been 
determined to show a fall as an offset to this tendency. 

However this may be, we must assume for the present the following 
figures : 

Feet. 

Mean level, 1860-1875, on Lake Erie above meaH tide at New York 572.86 

High water of 1838 on Lake Erie above mean tide at New York 575. 20 

And that the mean levels used at all Lake Erie harbors are actually at 
the same height above mean tide. 

On the general subject of Lake Erie levels, it is well here to refer to 
an extremely valuable and exhaustive paper written^in 1859 by Charles 
Whittlesey and published in the Smithsonian Contributions to Knowl- 
edge, Vol. XII. It is entitled "Fluctuations of level in the North 
American lakes," and contains the results of his researches among 
records and traditions as far back as 1788. * He refers his levels to the 
miter sill of the enlarged Erie Canal at Buffalo, and his context shows 
this to have been 11.4 feet below high water of June, 1838. 

The mean level of Lake Erie for November, 1895, was lower by three- 
tenths foot than that for any other month since the record began in 
1859, viz, 4.4 foot below high water of 1838; and in only nine years of 
that period has the lowest monthly mean been as low as the highest 
of 1895, which was in June, 3.5 feet below high water of 1838. 

Eeferring now to Mr. Whittlesey's paper, his tables show that the 
only records of monthly means between 1788 and 1857 which were as 
low as that of November, 1895, were : 



Jnne, 1819, Cleveland 

Winter of 1818-19, Detroit (Dr. Houghton's observation) 

January, 1840 

Januarv, 1841 

March,'l841 

October, November, and December, 1841 

reT>rnttry, 18461 

March, 1846 



Above 

miter 

siU. 


Below 

high 

water of 

188«. 


Feet. 


Feet. 


6.3 


5.1 


4.7 


6.7 


6.9 


4.5 


6.7 


4.7 


6.6 


4>8 


6.9 


4.5 


7 


4.4 


6.9 


4.5 



Of these, even, only that of 1819 is more than slightly lower than 
that of November, 1895. The present low stage of water is therefore 
unequaled in the past fifty years, and seldom reached since 1819. 
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Speaking of the necessity of daily registws of level on each lake, Mr. 
Whittlesey says: 

Govdrnment has, however, through its light-house keepers, the means of procur- 
ing perfect registers of water levels on all the lakes, with the least possible expense ; 
and there would be little difBeull^ in pointing out numerous practical results that 
would justify such a system of observations, without regarding the unseen benefits 
that always follow the acquisition of scientific knowledge. 

Again, as to changes in surface: 

In diseussing the data here presented, it is apparent that the surface of the lake is 
not strictly level, and thus imere ai-e discrepancies as to the time of high and low 
water at different places. The form of the coast at Buffalo is such that the height of 
water is affected by it in connection with certain winds. Those from the east and 
northeast keep back the waters and cause a depression that may be observed for 
one or two months at a time. The reverse occurs with prevailing winds from the 
west and southwest. The waters driven eastward between two shores constantly 
ap^oaching each other are raised above the general surface like the tides in the Bay 
of Fundy. 

On the 18th of April, 1848, it appears from the register of Mr. Lothrop that a gale 
from the northeast reduced the level of the lake to a point 15 feet 6 inches below the 
surface of October 18, 1849, when a terrible storm occurred from the southwest. 

Following is a tabular statement of information relating to various 
storms of the past ten years and to their effect on the lake surface. 
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Three tracings accompany this paper, one showing a chart of Lake 
Erie with contours of bottom, one the wind movements and their result- 
ants, and the third the changes in surface at diflferent points on the 
south shore during storms. From the large number of storms tabulated, 
those of most complete gauge record are selected — twelve westerly and 
seven easterly gales. The greatest change known at each point from 
the prevailing general level of the lake is noted for each storm, also the 
position of that general level relative to mean level. 

The regular three readings per day seldom show the maximum 
change; in one case of record at Buffalo the maximum attained was 
5.1 feet higher than the extreme regular reading. It will thus be seen 
that any comparisons made without the maximum being known will 
show always less than the actual variations. 

Westerly storms. — ^While in several cases there is a record of the 
maximum change at each end of the lake, there is but one storm where 
the record along the south shore is anything like complete. This 
was the SW. gale of October 14, 1893, which, owing to the favorable 
conditions for study, was the subject of the following special official 
report by the writer. (See Annual Report, Chief of Engineers, United 
States Army, 1804, Appendix D D D 3.) 

Cleveland, Ohio, Jtme-SOj 1894, 

Sir: I have the honor to sabmit the following report upon the variations in the 
snrface of Lake Erie during the westerly gale of October 14, 1893: 

PRELIMINARY ANI> GENERAL. 

The extent of Lake Erie may be divided into three well-deiined basins : 

The west basin, west of the ** Islands," containing about 1,200 square miles, and 
having a comparativ^ely flat bottom at 5 to 6 fathoms when away from the imme- 
diate vicinity of the shore. 

The main basin, between the '* Islands" on the west and the narrows at Erie and 
Long Point on the east, containing about 6,700 square miles, and having a marked 
shelving bottom, deepening gradually to 14 fathoms. 

The east basin, east of the narrows, containing about 2,100 square miles, and hav- 
ing a deep depression of 30 fathoms just east from Long Point Island. 

Between the main and east basins lies an extensive flat at 11 fathoms depth, with 
only a narrow cut of 12 fathoms near the American shore. 

The general axis of the lake lies east northeast and west southwest, while that of 
the west basin makes a decided turn to west by north. 

It is a well-known fact that a westerly wind lowers the water surface at the west 
end of the lake and raises it at the east end, while an easterly wind has the opposite 
effect. The amount and extent of fall or rise varies with the force and extent of the 
wind. A fresh local breeze will often change the level locally, while not affecting 
it materially in the open. A continued, general, and strong wind will have a gen- 
eral effect on the surface curve of the lake, lowering it considerably at the end from 
which the wind blows and raising it somewhat less at the opposite end. The varia- 
tions due to this cause are most marked at the extreme ends of the lake, notably at 
Toledo, Monroe, and Buffalo. At the mouth of Detroit Kiver they are tempered by 
the continuous supply from that river. At Toledo the record in the past eight years 
shows an extreme fall of 7^ feet and an extreme rise of 5 feet. As my data are more 
complete for the west end and for westerly storms, this report will deal more fully 
with westerly gales and consequent fall at west end of lake than with the opposite. 

The variation in the shoal and inclosed west basin in a continued gale is much 
greater than in the main basin. A high westerly wind for several hours will lower 
the water in the west basin 2 feet, as shown by gauge at West Sister Island, which 
is well toward its center. This same wind will lower the water east of the islwids 
only a few tenths. 

This change of surface, due to heavy winds, has been many times remarked, 
nsnally in a general way, but I have no knowledge of its ever haviog been dis* 
enssed on the boais of definite data. It wonld seem that the questions involved 
would not only be of great interest from a scientific standpoint, but wonld be of vital 
interest to navigators as enabling them to correctly judge of depths and currents 
during a severe storm. My own observations at the weet end of tiie lake for the past 
^ght years have convinced me that the subject should receive more than passing 
notice, and it is %h» porpose of this report to show a reason for that belief. About 
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once in each year^ usually in April, a heavy northeast storm ocours which raises the 
water 5 feet at the west end of the lake, and also once in each year, usually in Octo- 
ber, a heavy westerly gale lowers the water 7 to 7^ feet. These two storms are almost 
certain to come and to be attended by great loss of property and life. Never until 
last fall have circumstances permitted me to examine personally or to investigate 
generally the conditions attending such storms. 

CONDITIONS OCTOBER 14, 1893. 

On the morning of this day, while the steamer Swansea was tied up without steam, 
cleaning boiler, the wind freshened from northwest and all indications were for the 
annual low water. As often happens in such cases, the day was full of drawbacks, 
so that the boat could not leave the pier until 4 o'clock in the afternoon, at which 
time the water in the river, 5 miles from its mouth, had receded to 7^ feet below 
mean level. A trip of unusual interest was then made to the bay. In the river, flats 
were showing where a few days before we had found 8 feet of water. The banks of 
the Straight Channel, where maps show 6 feet depth around Presque Isle, were 2 feet 
out of water, and for 2 miles these banks showed above water perfectly straight as 
if on a canal. Darkness came on as we reached the bay, so that my intention of 
photographing the view was frustrated. As we reached the main crib' in the middle 
of the bay we found the large Brey maun. dredge aground in the 17- foot channel and 
a ref ex current rushing back against the gale with such force that the steamer could 
not be turned and had to remain there over night. By 9 o'clock the water had set 
back to within 3 feet of its normal level, notwithstanding the gale continued. 

It HO happened that in many harbors we had inspectors at the time, but it also 
unfortunately happened that none of them took special measurements of the stage of 
water, thougn I obtained from them, with the help of others, a very fair general idea 
of it. The general level of the lake before and after the storm was 0.7 foot below 
mean level of 1860-1875 as used for our datum plane. This general level must of 
course be used in discussing the effects of this storm. The variations from this level 
at different points, together with notes showing their reliability, are given below : 



Place. 



Amherstburg, inside 
month of Detroit 
River. 

Monroe 



Toledo. 



West Sister Island 

Green Island 

Sandasky 



Huron 



Vermillion.. 
Black River 



Cleveland . 
Fairport . . , 

Ashtabula. 

Conneaut . . 

Erie 

Buffalo .... 



Notes. 



Grange maintained by Gen. Poe; showed extreme at 4 p. 
m., and nearly the same at 11 a. m. to 5.30 p.m. 

Light keeper measured at noon, — 6.2 feet, and thinks it 

was about 0.6 to 1.0 foot lower in the afternoon. 
Measured by writer at Adams street, 5 miles from bay — 

Estimate at month of river, by appearance of banks 

Estimate by light-keeper at main crib in bay 

Light keeper walked dry-shod around the pier, where 

depth at mean level is about 6 feet. 
Light keeper says 5^ feet below usual; could have walked 

around pier but for sea. 
Inspector's estimate at pier, — 2.8 feet. Crib light keeper 

took sounding in boathouse; sounding afterwards at 

known stage gives — 
Light keeper says at least 3 feet below ordinary ; others 

same; could walk half way to light-house; soundings 

show — 

Light keeper estimated 1 foot below bottom of gauge 

Inspector's estimate, 3 feet or more below mean level; 

others, 4 feet. 

Regular gauge reading at 12 and 6 o'clock, each 

All say very low ; light-keeper thinks 8 to 10 inches be- 
low former level. 
Inspector's i^auge : Noon, — 0.1 ; 6 p. m., — 1.3 

Inspector's gauge : Noon, 3.4; 4 p.m., -|-3.4 



Time. 



4p.m. 



p.m 



3.30 p. m 
5 p.m... 
4 p.m... 
p. m 



p..m .. 
4 p.m. 



p. m 



p. m 
p.m 



rr2m .. 
[6 p.m. 



Gauge reading furnished by M^'. Rufiher as extreme. 



fl2m .. 

1,4 p. m . 

1 p.m. 

10 a. m 



Vari- 
ation. 



—5.0 

—6.8 

—6.8 
—7.3 
—6.8 
-5.8 

—5.3 

—2.5 

—2.8 

—2.3 
—2.8 

-1.2 
— LO 

—1.3 

-f3.4 

2.6 
5.3 



It is also to be noted that both Erie and Buffalo show a minimum gauge of — 0.8 
and — 2.8, respectively, at 2 a. m., giving a range of 8.1 at Buffalo during this storm. 
It will further be noted in the weather record below that at Buffalo the wind was 
from the eastward until 2 a. m., and about the same at Erie. 

A tracing accompanies this report showing a contour map of Lake Erie and a pro- 
file of the water- surface curve along its south shore. 

During this storm the weatlier conditions, as courteously furnished me by the vari- 
ous observers, were as follows : 

Toledo. — Light easterly winds on 13th, rain in evening. Wind backed to north and 
northwest about midnight, increasing in force, and blew from northwest continuously 
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till 5 p. m.y 15th, when it became variable and dropped to 6-mile velocity. Maximum 
velocity 38 miles northwest at 10.30 a. m., 14th ; general velocity, 20 to 30 miles north- 
west; minimum barometer, 28.46, 2 a. m., 14th. 

Sandusky, — Easterly winds, ISth, light. Wind increased and backed to northeast 
in afternoon. High westerly winds from 2 p. m. to midnight, 14th, and continued 
till evening, 15th, when shifted to northerly. 

Cleveland. — Barometer, midnight 13th, 28.33. At 7 p. m., 13th, increasing southeast 
wind had backed to northeast 27 miles. At 8 p. m. backed to northwest and increased 
to 32 miles; backed to southwest 35 miles and reached 46 miles west at 2 a. m., 14th, 
and 48 southwest at 2.40 p. m., 14th. Minimum barometer 28.20 at 2 a. m., 14th, then 
rose steadily. Gale continued on 15th from southwest and northwest 41 miles max- 
imum at 2.50 p. m. 

Erie. — Wind southeast forenoon of 13th backed to northeast in afternoon. Barom- 
eter fell rapidly. Windstorm began early in morning, maximum 34 miles southeast 
at 4.15. Another windstorm began at 8.30 p. m. and reached maximum of 42 south- 
west at 10.40 a. m., 14th. High wind began 5.30 a. m., velocity 30 to 35 miles, max- 
imum 42 southwest. Abated after 2.30 p. m., 15th. 

Buffalo. — Krom 5 p. m., 13th, to 2 a. m., 14th, barometer fell 1.05, reaching 27.89, 
the lowest known here. Wind shifted from northeast to southwest at 3 a. m. and 
blew a gale till after midnight, 14th, maximum 61 miles southwest at 4.10 p. m., 13th. 
Gale continued till 4 p. m., 15th. 

This storm is noted by the Weather Bureau to have been a typical West India 
cyclone, developing east of the West Indies. It was one of the exceptional cases, 
when such a storm passes inland, the storm center being near Charleston on morning 
of 13th with 60-mile velocity, immediately west of Washington, evening of 13th, 38 
to 48 miles velocity, thence passing rapidly over Buffalo and being north of Lake 
Ontario on morning of 14th. A very steep gradient existed on morning of 14th over 
the whole country east of Missouri River, which was not dissipated until evening of 
15th. Ordinarily all storms approach this region from the westward, so that the 
gale does not commence at east end of the lake quite as early as at west end. In 
this case its whole fury struck Lake Erie over its entire length at once. Its unusual 
course also produced the erratic phenomenon of a "backing" wind holding steadily 
from one direction (see Toledo record) for forty hours. Many disastrous wrecks 
occurred, and it is worthy of note that several of the worst were in the vicinity of 
the "Narrows," before mentioned, between Long Point and the American shore near 
Erie and Dunkirk. The steamers Dean Richmond and Wocokea and the schooners 
C B, Benson and Riverside were all lost during this storm, and all in the same local- 
ity — at these "Narrows." Seven lives were lost with each of the schooners, which 
were considered to be seaworthy boats, as both were in the grain trade. Not a soul 
was saved from the Richmondj and but three from the Wocokea, 

CONCLUSIONS. 

It will be observed that while few of the heights are accurate, they carry sufficient 
reliability to warrant a general discussion of the matter in the light of this crude 
data, and the hope that it will lead to the obtaining of more definite knowledge and 
perhaps more sound conclusions. A discussion of other points of interest than those 
tOQched upon in this report, though tempting, is, I feel, hardly justified by the data 
now at hand. 

It must also be noted that all data we have was recorded along the south shore of 
the lake and that the times of record are not coincident, though generally nearly so. 

Following now the profile of water and surface in connection with the above data, 
we find that in the West Basin the fall in the funnel-shaped end, containing Monroe 
and Toledo, was 6.8 feet; in the open it was 5.3 feet. In the main basin, immedi- 
ately we passed the Island barrier, the fall was but 2.6 feet for all points until Cleve- 
land is reached, at the widest part of the lake. Here we find a fall of but 1.2 feet, 
and practically the same at Ashtabula. Between Ashtabula and Conneaut, a dis- 
tance of 13 miles, we meet a solid wall of water 4.7 feet high, there having been a 
rise of 3.4 feet at Conneaut. At Erie the rise was 0.8 foot less than at Conneaut, and 
at Buffalo the highest point reached was 5.3 feet. 

The question now at once arises, Do these surface heights along the south shore cor- 
rectly represent the heights of w^ater in the lake? Assuming it to be so — that is, that 
the surface is level on each line normal to the shore — then the surplus water in the 
eastern end of the lake should be about equal to the deficiency in the west end. We 
find the line of no variation from the normal stage before and after the storm to have 
been between Ashtabula and Conneaut. The area west of this line is approximately 
7,000 square miles, that east of it, 3,000 square miles. In order to make the two 
q nantities equal, the proportion of fall to rise should be as 3 to 7. The records of fall 
being more numerous, covering larger territory and to a fair extent agreeing among 
themselves, we may assume a fall of 5.3 feet over 1,200 square miles, 2.6 feet over 
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1)800 square miles, 1.2 feet over 4,000 square miles, to equal a fall of 2.3 feet over 7,000 
square miles ; which would give, if our assumption is correct, an average rise of ^ of 
2.3 feet=5.4 over 3,000 sciuare miles. This is uot borne out by the data, as it is as 
large as the maximum hei<j^ht at liuifalo, and twice as large as that at Erie. To show 
its absurdity, we have really aa average rise of perhaps 3.7 feet over 3,000 square 
miles, which leaves unaccounted for a body of water amounting to 16,000,000,000 of 
cubic feet, enough to supply the ordinary outflow of Niagara for 20 hours. This 
amount is beyond that alreskdy accounted for by the recorded rise at Butfalo, which 
by itself would scarcely double the outflow even while it lasted. When we consider 
the pressure whicli must have existed in connection with the change of elevation of 
4.7 feet in 13 miles between Ashtabula and Oonneaut, aud consider also the immense 
volume of water displaced west of them and uot found to the eastward, it suggests 
the idea of an enormous eddy or swirl, more or less forcible, in that portion of the 
lake, the current setting down along the south shore and up along the Canadian side. 
The observations, though crude, seem to show conclusively that the surface of the 
lake is not level on the normal lines, but is much higher on the north shore. This is 
borne out by the fact before mentioned that during the height of the gale there is 
invariably a reflex current into the west point of the lake too strong to allow of the 
belief that it is caused by the gravity of the "piled up" water overcoming the force 
of the wind. It is a fact that most of the Lake Erie wrecks during a westerly gale 
are in the vicinity of the *' Narrows." In an easterly gale, when these peculiar con- 
ditions do not exist, there is seldom a loss in that region. 

Is it n(»t possible that in these serious storms there are forces at wurk for destruc- 
tion with which we are not familiar, und that a proper study would give the means 
for combatting them successfully? 

I beg leave to suggest that the line of thought here touched upon is important 
enough to warrant further and more accurate study on the basis of detinite data. If 
the conditions here suggested do actually exist, it will be of vast importance to the 
navigation interests to know of them; and in order to gnin the information for a 
more thorough and accurate discussion, I respectfully recommend that steps be taken 
to have all light-keepers on Lake Erie record the height of water three times daily, 
together with the wind directions and velocities, and to have special instructions 
issued that they shall note any unusual eouditious of weather or water. In any pro- 
longed and severe storm, particularly those of April and October, they shall carefully 
note the extremes of water level and wind. 

To be of any service in a further consideration of this subject, the Canadian 
authorities should be requested, through the proper channels, to cooperate fully. 

I am thoroughly impressed with the idea that such observations will bear tiruit of 
some importance at very slight expense* 
Verv respectfully, 

Wm. T. Blunt, 

Lieut. Col. Jared A. Smith, Assistant Engineer. 

Corps of Engineers^ U. S. A. 

While the profile of extreme chaDges in this storm of October 14, 
1893, lays no claim to exactness, the general agreement of data is such 
as to indicate conclusively that there are four distinct general steps in 
the resultant surface due to a westerly gale. 

First* In the small shoal basin west of the islands. 

Second. In the small bight immediatelj'' east of them. 

Third. In the broad expanse of the lake. 

Fourth. In the east basin, after the choking begins off Ashtabula and 
Oonneaut. 

The grades between these steps are somewhat abrupt at the islands 
and near Oonneaut, and at these points dangerous currents must surely 
exist of unknown aud varying directions and velocities. 

Undoubtedly much the same conditions obtain in all westerly gales, 
though at present, with only one well-defined curve on record, the trac- 
ing of the ideal curves for other storms with the few actual observa- 
tions as arguments seems hardly justified. 

It is worthy of note that at Toledo, no matter from what level the fall 
starts nor how severe the gale, the limit of fall seems to be 7 to 7J feet 
below mean level. I can learn of no instance when it fell below that 
limit, and yet it is known to have reached it no less than seven times 
since 1886 in storms of varying energy. The indications, based od 



REPORT OF U. a DEEP WATERWAYS COMMISSION. 167 

the recorded maxima at Buffalo, are quite conclusive, however, that in 
at least five other cases during that period this limit was reached at 
Toledo. The maxima of high waters have recently been quite fully 
recorded at Buffalo and at Erie, but at the west end of the lake the only 
continuous record is at Monroe, where the light keeper is not obliged to 
be on watch through the night, and therefore can not always follow 
the changes. 

The greatest change, as well as the most extreme actual level reached 
at each end of the lake in westerly gales, occurred in the storm of Jan- 
uary 10, 1889. At Buffalo the extreme actual level was 7.8 feet above 
mean level and the rise from the prevailing level was 8.2 feet. At 
Toledo the extreme actual level was 7.5 feet below mean level and the 
fall was 7.1 feet. This storm was of Texas origin and passed well to 
west and north of the lake, the gale reaching an extreme velocity of 
82 miles per hour, with a maximum of 55 miles at Buffalo. This record 
shows a difference of level of 15.3 feet between the two ends of the 
lake. Several other occasions show differences of 12 to 14 feet. 

As denoting the occasional rapidity of fall in a westerly gale, my 
journal shows that on October 15, 1886, the water at Toledo fell 3 feet 
in oue hour. This was on the second day of a heavy gale, during which 
the water had already fallen 7 feet and returned during a lull in the 
storm. 

Easterly storms. — The definite records of easterly storms are almost 
entirely confined to the extreme ends of the lake, and eve^i then are 
not of great frequency. The observations recorded at other points are 
not sufficient to warrant any attempt at defining the particular changes 
of surface. The greatest change, as well as the most extreme actual 
level reached at each end of the lake in easterly gales, occurred in the 
storm of February 12, 1894. At Buffalo the extreme actual level was 
6 feet below mean level and the fall from the prevailing level was 5.1 
feet. At Toledo the extreme actual level was 7 feet above mean level 
and the rise was 7.9 feet. This storm was, like the westerly storm of 
January 10, 1889, of Texas origin, but passed across Ohio south and 
east of the lake, the gale reaching an extreme velocity of 88 miles per 
hour, with a maximum of 60 miles at Toledo. This record shows a dif- 
ference of level of 13 feet between the two ends of the lake. Other 
easterly storms may have caused greater change, but unfortunately 
their records are not complete. For instance, on April 20, 1893, a rise 
at Toledo of 5.9 feet is recorded (5.4 feet above mean level), while at 
Buffalo we have no record of extreme. At other times we find the 
extreme record at Buffalo, but none at the west end of the lake. 

A comparison of the two storms causing the largest effects in easterly 
and westerly gales shows that the maximum recorded fluctuation is at 
Buffalo, 13.8 feet (7.8 feet above to 6 feet below mean level); and at 
Toledo, 14.5 feet (7 feet above to 7.5 feet below mean level). 

Occasionally a severe but short easterly gale precedes a continued 
westerly storm, causing a decided change in surface in both directions. 
On October 14, 1893, at Buffalo, with a short northeast gale, the water 
fell to 3.5 feet below mean level at 2 a. m. The wind shifted to south- 
west at 3 a. m., and the water reached a height of 4.G feet above mean 
level at 10 a. m. The rise was thus 8.1 feet in eight hours. On I^ovem- 
ber 25, 1895, at Buffalo, with a northeast gale, the water fell to 3.4 feet 
below mean level at 7 a. m. In a southwest gale on the 26th it rose to 
5.6 feet above mean level at 11 a. m., then fell again to 3.1 feet below 
at 4 p. m. This gives a fall of 8.7 feet in five hours. 

These large fluctuations of surface due to storm winds can not of 
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imately, the significant features of the record for the greater part of the 
first half of the century, and to make the same substantially complete 
since the remarkable low- water period, including 1847, if not back to 
the high water of 1838. 

SOURCES OF DATA. 

The following notes give the direction in which inquiry has been 
made with negative results for the most part, and the probable avenues 
of further information if the same is in existence : 

Lake Superior. — Mr. Lucius L. Hubbard, State geologist of Micliigan, 
in letter dated November 5, 1896, refers to a report on water levels 
made by Mr. G. A. Marr, United States assistant engineer, and in ref- 
erence to water levels prior to 1860, states : " In this office we have no 
records whatever that bear upon the question.'' 

Maj. Clinton B. Sears, Corps of Engineers, United States Army, on 
November 9, 1896, forwarded the report of Mr. G. A. Marr referred to 
by Mr. L. L. Hubbard. There is nothing in the report referring to water 
levels prior to 1860. Mr. Marr, in letter to Maj. C. B. Sears, dated 
November 9, 1896, says: "1 do not think we can give Mr. Oooley any 
additional information beyond what he already has." 

Mr. B. S. Wheeler, United States assistant engineer at Sault Ste. 
Marie, in letter dated September 12, 1896, says: "I have your note of 
the 8th, inquiring if there are any water-gauge records at the canal ear- 
lier than 1860. I do not know of any. I feel quite confident that the 
State authorities never kept any, and I have never heard of any other.^ 

A letter of inquiry in regard to water-level records x)rior to 1860 was 
addressed to the city engineer of Marquette, Mich., but no reply has 
been received to date. It is not likely that any record has been kept 
at this point. 

In addition to the above, research has been made, and the reports and 
documents consulted are noted in table. 

It is very doubtful if a further research of canal records will disclose 
additional data at Sault Ste Marie, and old Missions and Hudson Bay 
Company posts are the most available sources for further inquiry. 

As to what may have been the condition in early times may be 
inferred from the following extract from report made by Mr. E. S. 
Wheeler, United States assistant engineer, dated Detroit, January 2. 
1884 (Report of Chief of Engineers, 1874, Part III, p. 2015): 

The channel connecting Porta<];e Lake with Torch Lake, or Lake Linden, as it is 
now called, shows some indications that the surface of Lake ^Superior has been 4 or 5 
feet lower than at present. * * * 

Assistant Engineer Burns mentions the channels in Superior Bay and Lake George 
as a possible confirmation of the low-water theory. * * * It is not likely that 
the maximum or minimum has occurred during this time (1870 to 1884). It is quite 
improbable that the lowest stage has occurred since 1870. The Lake Linden outlet 
indicates that quite recently there has been a stage at least 3 feet lower than the 
lowest observed stage (1870 to 1884). The negative proof is much stronpcer that for 
at least a century the lowest stage has not been much more than 3 feet lower than 
the lowest known stage. 

In a letter dated December 15, 1896, Mr. E. S. Wheeler speaks of 
the above-mentioned report, and adds : 

Since then I have had some opportunity of watching the ice effects. In very cold 
winters the ice sometimes freezes to a depth of 3 feet. This would force the water 
running under it into a much narrower space, and might possibly cause the excava- 
tion of the deep channels mentioned. The natural channels in Lake George seem to 
have been formed under conditions different from any that have yet been observed. 
A low-water period would be a suflScient explanation. So also would very thick 
ice. The two conditions might occur simultaneously. Indeed, they would be likely 
to, for a long, cold winter causes low water until the snow and ice begin to melt. 
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It deems to me quite probable that there have beeu within geologically recent 
times periods when the water in the Great Lakes has been several feet lower than 
the lowest observed stage. 

Lake Michigan- Huron. — Capt. George A. ZIdu, Corps of Engineers, 
United States Army, in letter dated September 23, 1896, states: "In 
reply to your letter of the 22d inst., asking if there are any gauge 
records at the lower lock on the Fox Kiver improvement opening into 
Green Bay, taken between 1849 and 1854, I have to inform you that 
there are no records in this office of any such gauge being kept for the 
time mentioned." 

Mr. G. H. Benzenberg, city engineer of Milwaukee, in response to an 
inquiry for records prior to 1860, furnished a partial profile of water 
level from 1836, taken from the records of the late Dr. I. A. Lapham. 

Mr. I. S. Bradley, librarian of the State Historical Society of Wis- 
consin, in letter dated October 1, 1896, states: "We have made a very 
thorough search for material on the subject in this library, and, am sorry 
to say, have not been successful." 

Mr. N. S. Boynton, mayor of Port Huron, Mich., states: "I do not 
know of any records, and can not find that any of our residents, even 
among the sailing fraternity, have kept a record relative to water levels 
prior to 1854. I have made inquiries if persons who might i>ossibly 
keep track of matters of that kind, but can not gather anything which 
would be at all reliable." 

Inquiries for records of the Illinois and Michigan Canal, supposed to 
have been kept at the Bridgeport lock, were not successful. The fol- 
lowing statements are noted: 

Mr. Horace M. Singer, superintendent of repairs for several years 
after the canal was opened, called at the office of the Commission and 
stated that he hud no knowledge of any records being kept. He 
believes that there are none. 

Mr. Wm. Thomas, formerly superintendent of canals, referred to Mr, 
Butler, of Lockport, ibrnierly clerk to the collector at Bridgeport. 

Mr. C. L. Harrison, C. E., in letter of November 2, 189(), states: '•! 
have seen Mr. Butler and he informs me that he did not keep any 
record of the water levels;" also, " there seems to be no information on 
this subject in the canal oififice." 

Mr. Wm. Milne, formerly clerk of the canal board, in letter of October 
17, 1896, says: ''I have no distinct recollection of any record such as 
you desire. Think possibly among the papers returned from the 
Bridgeport office to the general office at Lockport some data might be 
found." 

The records of the canal office at Lockport have been examined by 
Mr. C. L. Harrison, C E., but without result as noted in his letter. 

A letter dated i^ovember 5, 1896, from Mr. Prank B. Desuoyers, 
mayor of Green Bay City, indicates tlie existence of some datum, and 
that he will forward it as soon as it is compiled. (This has not been 
received.) 

The record kept at Milwaukee by the late Dr. I. A. Lapham, which 
has not been published heretofore, was obtained through the courtesy 
of Miss Julia Lapham. 

It is possible that further research among the archives of the Fox River 
Improvement and the Illinois and Michigan Canal, and the notes of 
early surveys for these projects, may disclose data of importance, and 
in this connection it may be worth while to consult early mission 
records at Mackinac and other points, otherwise there is little proba* 
bility of information except of a very general character. 
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LaJce Erie, — Inqniries were addressed to Mr. Edward B. Guthrie, 
chief engineer, city of Buffalo; Mr. M. E. Eawson, chief eiig'ineer,city 
of Cleveland, and Mr. J. L. Little, division engineer, ]Sew York State 
canals, and the answers show that no records prior to 1800 are iu any 
of these offices. Mr. Little in his letter notes the destruction by fire of 
the records in the canal office at Rochester, N. Y. 

A letter addressed to Prof. G. Frederick Wright, Oberliii, Ohio, was 
referred by him to Mr. Peter Neff, secretary of the Western Keserre 
Historical Society, Cleveland, Ohio, and through the efforts of Mr. 
William T. Blunt, IJnited States assistant engineer, and Mr. Neff some 
unpublished data were obtained from the original manuscript of Charles 
Whittlesey now in the possession of the society. 

A letter of inquiry sent to the dejjartment of railways and canals. 
Canada, in reference to a record at Port Colborne, met with a favorable 
response, and the data at that point from 1849 down were promised. 
(This has not been received.) 

It is presumed that the record for 1859 as kept at Cleveland will k 
found, and it may be that further search among tlie early notes of the 
Welland and Erie canals will discover important data at Port Maitland, 
Port Colborne, and at Buffalo or Black Ro(*>k; otherwise, farther infor- 
mation other than of a general character is not to be anticipated. 

Lake Ontario. — A letter to Col. A. T. Smith, Thirteenth. Infantry. 
United States Army, at Fort Niagara, N. Y., in reference to gauge 
records at the mouth of the Niagara Eiver, was referred to Maj. W. S. 
Stanton, Corps of Engineers, United States Army, and made the sub- 
ject of special inquiry by Mr. William Pierson Judson, United States 
Army, assistant engineer. An examination of the records of Fort 
Niagara fails to show any records not at present in the hands of the 
Commission. A reference is noted by Mr. Judson, as follows: "Under 
date of January 14, 1843, is the following passage in a letter to the 
Chief ot Engineers : ' The top of the sill is 1 foot 8 inches above the level 
of the highest water ever known, and about 5 feet 8 inches above the 
present surface.' '^ 

Mr. Hugh V. Payne, superintendent meteorological oflSce, Toronto, 
Canada, states in letter of August 18, 1896 : " I find we have no records 
of the lake levels here, either in this office or at the harbor masters 
office. 1 believe there are none in existence." Mr. Payne refers to 
department of public works, and of railways and canals, as possible 
sources of data. 

Eecords were obtained from Mr. Thomas Monro, engineer Soulanges 
Canal, and from the department of railways and canals, and are noted 
in list of data furnished. 

The secretary of the department of railways and canals, Canada, at 
Ottawa, notes the destruction by fire of the office records of the Eideaa 
Canal at Kingston Mills, other than those furnished. 

To Prof. G. Frederick Wright, Oberlin, Ohio, the Commission is 
indebted for references to many of the documents consulted. 

The following notes are taken from an article on Levels of Lake 
Ontario, by Edward Giddings, published in pamphlet at Lockport, >'• 
Y., in 1838. Abstracts made at New York State Library by court4?sy 
of the secretary and director, Mr. Melvil Dewey. 

From 1815 to 1821 my observations were not made with a regularity, frequency, or 
precision to insure exactness as to the yearly rise and fall of the lake waters ; aud &; 
set down in the annexed table they may, therefore, occasionally vary in a sni&i^ 
degree from correctness; but from the attention I gave the subject, and the pains! 
took to make the table a near approximation to fact, I am confident the errors in ^ 
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3ase8 exceed 3 inches. From 1821 to 1827 my observations were made monthly, as 
lear the first of each month as a settled state of the lakes wonld admit, for a high 
«vind of long continnance, blowing lengthwise the lake, will, near the Niagara, some- 
toes make a difference of nearly a foot above or below the mean level, as the wind 
happens to favor an accumulation or recession of the waters. These observations 
were recorded with minute exactness ; and, besides these, I took intermediate meas- 
irements whenever the change of level made it necessary, so that the maxima and 
ninima for these years, as recorded in the table, may be depended upon as scrapa- 
lously exact. The table does not contain the monthly fluctuations, nor is it neces- 
}ary; they are exceedingly small, and, compared with the yearly, are like the small 
(vaves that ride upon the heavy swells of the ocean. The principal flood, as will be 
seen by the table, attains its maximum in June or July. 

From October, 1827, to August, 1838, a period of nearly eleven years, I took no 
neasnrements and made no observations whatever, as my removal from the lake 
rendered it inconvenient for me to attend longer to a subject in which, however, I 
^ook no little interest, and which I was in hopes of continuing without interruption. 

On the 28th of August, 183^, I again took a measurement, and ascertained from it, 
m connection with the concurrent testimony of the neighboring residents and the 
water marks upon objects on the margin of the river, both the time and the quantity 
>f the maximum for the present year, which may be found recorded in the table, 
rhe maximum or extreme ebb may be found this fall or winter, and from the extra- 
)rdinary scarcity of rain during the past four months, in connection with the unex- 
).mpled degree of heat, we may anticipate a fall of H feet at least; not so much, 
lowever, n*om excessive evaporation, although that has its share of influence, as 
Tom the absence of rain and consequent draining of the streams which feed the lake 
tributaries and the lake itself. 

I have been unable to learn anything definite respecting the fluctuations of the 
ake between 1827 and 1838, but from all the information I can gather on the subject 
fTorthy of credit, am of the opinion that from 1828 to 1834, both inclusive, they did 
lot materially differ from those of the preceding seven years ; but since 1834 the 
ioods have invariably exceeded the ebbs, a consequent yearly rise of the waters has 
msued, until the present summer has found them higher than they have before been 
inown for fifty years, according to the testimony of an old and respectable ojentle- 
nan who has resided during that period on the lake border. The highest floods, 
luring the period of my residence at the lake, were those of 1815 and 1817, but by 
;he table it will be seen that of 1838 far exceeded either of tbem, being 22 inches 
ibove that of 1815 and 25 above that of 1817. I also learn that the floods reached 
iheir maxima about midsummer, as was almost invariably the case during the years 
)f my observations. 

There are some other facts connected with this subject which ought not, perhaps, 
» be passed entirely unnoticed. The yearly rise of water is almost invariably more 
•apid than the fall. When the yearly floods attain their height they do not remain 
itationary there, but commence ebbing immediately. Not so with the ebbs, they 
ire often stationary for months. 

The causes of the lake fluctuations are too manifest to raise a shadow of doubt. 
They are the ascent and descent of water evaporation, rain, and snow; but the {>ro- 
lortion of influence exerted b^ each of these is the true question at issue, and must 
'emain undecided, or at least involved in more or less doubt, until meteorology is 
>etter understood than it is at present. 

Mr. Giddings's record is compiled among the appended records for 
Lake Ontario. 

Mr. Thomas Monro, in letter of October 28, 1896, gives the following 
nformation regarding the low water on Lake Ontario: 

In October-November, 1867, in connection with the projected Murray Canal, I made 
tome inquiries and took measurements having for their object the determination of 
owedt water of Lake Ontario. Satisfactory information was obtained as to the 
evel of the water during the year 1848, at which period it was said to bave been 
ower than it ever has been since. This was found to be 1 foot 6 inches lower than 
ihe water in October-November last (1867), highest water mark being 3 feet over the 
evel at that time, thus showing the difforeuce between these extremes to have been 
t feet 6 inches. 

But it was stated by several of the oldest residents that a lower level even than 
ibis had occurred about the year 1818-1820, when certain shoals (which had in Octo- 
)er last about 2 feet of water on them) were said to have been dry. Thus the lowest 
vater level at the above period seems to have been 6 inches lower than it was in 
848, and appears to establish the greatest fluctuation at 5 feet, as above stated. 
This eijttreme variation is corroborated by the record kept at Port Dalhonsie and 
)8wego. 
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You will see that the above ie very inclefiDite and han^i^s on the point as to hour 
much the shoals wore dry. Translated into our levels, the low water of 1819 wu 
249.09 — (3.42 -f 1.50) = 244.17 feet. 

This agrees with the low water of 1819, as given by Mr, Judson (see 
record)^ who has given the elevation at 244.21 feet. This is probably 
the level during the fall of the year, and is not inconsistent with Mr. 
Giddings's record of maximum and minimum for the year. 

The most probable sources of future inquiry will be among the early 
papers and notes of the Welland Canal, the Oswego branch of the Erie 
Canal, and the liideau Canal. Papers may still be in existence which 
would reward a research, and it may be that other points around Lake 
Ontario would develop some additional data. This lake suggests more 
probability of further data being found than any other. 

LaJce Champlain. — The inquiries made and the data available Lave 
been fully noted in "Water levels of the Great Lakes, etc., 1860-1895.' 

As noted the additional sources of information are very doubtM 
being confined to the possibility of unknown records in connection with 
the canals at Whitehall and St. Johns. It has been suggested that 
the marks of characteristic waters made at Shelburne Bay since 1826. 
by the Champlain Transportation Company, should be leveled up 
while the same can be identified. 

St. Later ence River, — A record at Ogdensburg from 1850 to 1857 is 
available and is noted in Lake Ontario records appended. 

On the canals of the St. Lawrence River, a record has been kept 
since 1849, the highest and lowest of each month being published in 
the annual reports of the minister of public works of the department of 
railways and canals, Canada. 

An inquiry was sent to Mr. John Kennedy, chief engineer, harbor 
commissioners of Montreal, in regard to records previous to 1850; Mr, 
Kennedy in his reply states: "I regret 1 can not give you any informa- 
tion respecting low water previous to 1850; in fact, we have no records 
whatever beyond those already sent you.'' The record at Montreal 
from 1850 to 1895 is published as Table Ko. 14 in "Tables of water 
levels for the Great Lakes, etc., 1860 to 1895." 

The St. Lawrence offers little probability of further data, as the canal 
system was not undertaken until sometime in the forties, the only 
sources being the very minor works undertaken in an early day above 
Montreal at the two ends of Lake St. Louis. 

Ottawa Biver, — A record has been kept at the entrance lock of tlie 
Bideau Canal at Ottawa, and the observations on the 1st and loth of 
each month published in the annual report of the minister of public 
works and the department of railways and canals, Canada. This record 
begins in 1850. 

DATA FURNISHED AND DOCUMENTS CONSULTED. 

The references and data specially furnished and which constitnte 
the record are given succinctly in the compilation below : 

Smithsonian Contribations to Knowledge^ vol. 12, 1860; article by Charles Wliit- 
tlesey. 

Fugitive EsBays, by Charles Whittlesey. 

Miseeltaneons Papers, by Charles Whittlesey. ^ 

History of Cleveland, by Charlee Whittlesey. 

Foster and Whitney's Report on Geology of Land Distriot of Wisconsin; article 
by Charles Whittlesey. 

Biography of Charles Whittlesey. 

Abstract of original manuscript of Charles Whittlesey with diagrams, by Mr. 
William T, Blunt, United States assistant engineer, through the courtesy of Mr* 
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Peter Neff, secretary and librarian, Western Reserve Historial Society, Cleveland. 
Ohio. 

Trip to Lake Superior, by Professor Agassiz. 

Geological Survey of Canada, 1849-1852, by Alex Murray. 

Geological Survey of Ohio and Michigan. 

Geological Survey of Wisconsin, Minnesota, and Iowa, 1852, by D. D. Owen. 

Report on Meteorology, New York, by F. B. Hough (1850-1863); from the New 
York State Library, by courtesy of Mr. Melvil Dewey, secretary and director. 

American Association for Advancement of Science; Proceedings, 1873, 1875, 1886, 
and vol. 37. 

American Journal of Science, vols. 16, 20, 27, 56, 57, 69, 70, 77, 140, and 141. 

Hunt's Merchant Magazine, vols. 8 and 28. 

Annals of Science, vol. 1. 

Transactions and Proceedings of Royal Society of Canada, vol. 7. 

Canadian Journal of Science and Arts, vol. 1. 

LittelPs Living Age, vol. 35. 

Science, voL 7. 

House and Senate documents, Thirty-second and Thirty-seventh Congresses, exam- 
ined by index. 

Copy of Report of Chief of Engineers, United States Army, for 1860, by courtesy 
of Mr. D. Parrand Henry, C. E. 

Reports of the Chief of Engineers, United States Army. 

Joint Documents of the Michigan Assembly, 1855-1860. 

Record of the Detroit Waterworks Engineers, by courtesy of Mr. G. Y. Wisner, 
C. E. 

Copy of original notes of the late Dr. I. A. Lapham, by courtesy of Miss Julia 
Lapham. 

Welland Canal Data, from private papers of Mr. Thomas Monro, engineer Sou- 
langes Canal. 

Record at Kingston Mills, Rideau Canal, from the department of railways and 
canals, Canada. 

Record at Oswego, by J. W. Judson, C. E., by courtesy of Mr. William Pierson 
Jndson", C. E. 

Record at Milwaukee, by courtesy of Mr. G. H. Benzenberg, city engineer. 

Pamphlet published by Edw. Giddings, at Lockport, N, Y., 1838, original in New 
York State Library ; abstracts furnished by Mr. Melvil Dewey, secretary and director. 

Documentary History of the Erie and Champlain Canal, 1808 to 1829. 

Records of the Illinois and Michigan Canal, at Lockport, 111., examined by Mr. C. L, 
Harrison, C. E. 

Reports of department of public works, Chicago, prior to 1860. 

Penny Magazine, vol. 6. 

American Naturalist, vols. 4 and 20. 

United States Service Magazine, vol. 2. 

Christian Examiner, vol. 49. 

Forum, vol. 5. 

Magazine Western History, vol. 3. 

Old Documents of Chicago. 

Biography of Governor Clinton. 

Biography of Giddings Family. 

Anti-Masonic Almanac, 1838, by Edward Giddings (New York State Library). 

DEDUCED TABLBS OF WATER LEVELS. 

The three tables herewith give the results for Lakes Michigan-Huron, 
Brie, and Ontario, so far as justified by the data and the study thereof 
up to this time. The water levels are referred to the same planes as 
used for the records, 1860-1895. 
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LAKE MICHIGAN. 

(Dedaoed t-able). 

[Readings are below high water of IfflS, or the Lake Survey plane of reference. Elevation =584.34 

feet.] 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jnne. 


Jnly. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Mean. 


1819 




a6.67 








64.67 
















1820 
























1821 




























1822 


























1823 


























1824 


























1825 
























' 


1826 


























1827 


























1828 












61.84 


1.78 


L84 








• « w* •«**« 


1829 






















1830 


1 








6L84 
















1831 


1 






















1832 


1 
























1838 


' 
























1834 


1* 
1 
























1835 




. 














•••••• 










1836 






4.00 






61.00 
60.59 
(0.00) 
















1837 








3.20 
















1838 










0.00 
61.33 
62.62 














1839 




















63.67 

63. 79 

4.43 




1840 

1841 


64.50 
63.71 






63.' 07 


62.96 


62.88 


(2*88) 


63.23 


63.38 


63.56 




1842 






















1843 


























1844 












1 














1846 












3.50 
3.44 
















1846 


(4.40) 
5.38 
5.29 
4.80 


4.42 
5.50 
5.34 
4.70 


4.27 

6.28 

C5.35 

4.90 


8.79 

5.19 

5.00 

(4.70) 


3.43 

4.98 
5.30 
(4.60) 


/3 Sft\ 


3.66 
4.66 
4.46 
3.75 


4.13 
4.46 
4.64 


4.38 
4.77 
4.72 


4.66 
4.88 
4.82 


5.03 
6.09 

4.77 


4 08 


1847 

1848 


4. 67 4. 61 

5. 05 4. 47 

(4.05) a.?.*! 


4.93 
4.93 


1849 




1850 
















1851 














2.57 


2.30 
1.60 






62.43 
L96 






1852 














2.02 


2.10 






1853 






1 












1854 








3.70 
a «7 


3.05 
3.10 
2.56 
2.33 
1.70 
L30 


(2. 78) 
2.77 


(2. 46) 

9. AA 


(2.50) 

2.67 

2.75 

1.41 

0.93 

0.95 


2.61 
2.48 
2.87 
1.56 
1.33 
L19 


3.18 
2.61 
.3.06 
1.49 
1.48 
1.52 


3.45 
2.81 
3 12 
2. .30 
(1.81) 
2.02 


3.53 
2.71 
3.35 
2.26 
1.79 




1855 


3.79 


(3. 82) 
3.14 
3.27 
2.62 
2.15 


3.75 


3 06 


1856 


2.65 
3.55 
2.33 
2.28 


3.12 2.99 

(3.14) 2.68 

2.70 2.18 

2.09 1-4S 


2. 63 2. 56 
2. 03 1. 60 
1. 28 « «« 


2 90 


1857 

1858 


2.30 
1 1 7«; 


1859 


1.30 


0.65 


1.95 ' 1 5' 










1 







a From Michigan Geological Report. 

6 From article by Charles Whittlesey; Michigan Geological Report, 1839, and table by Mr. A. W. 
Higgins. 
e March 6, 1848, lowest water, 5.65 feet. 

Remabks.— 1800 to 1802 very high; 1814 and 1815, unusually high; from article bv Charles Whittle- 
sey. Dr. I. A. Lapham makes the following statement: ** Milwaukee zero (Marcn, 1836) is about 3 
feet above low water of 18L9-20." Maj. R. Lachlan gives 1819 as 6 feet below 1838; Mr. A. W. Higgins 
gives 1819 as 5.25 feet below 1838, but this is not stated as lowest water. Tables givins maximam and 
minimum readings for any year have been used by putting the maximum in tTuly and the minimum 




1856 to 1859, inclusive, from record by Mr. W. D. Clark, assistant engineer, board of public works, 
Chicago. Inserted (2.88) for August, 1840, as approximately correct. 

Interpolations are indicated by parentheses and are obtained as follows: January, 1846: From the 
mean of February, 1847-1849, take February, 1846, and subtract this difference from {lie mean for Janu- 
ary, 1847-1849. July, 1846: From the mean for June and August, 1847-1848, take mean of Jane and 
August, 1846, and subtract difference from mean for July, 1847-1848. April, May, and June, 1849 : From 
the monthly means for five months of 1846-1848 take corresponding readings for 1849 and apply the avra^ 
age difference to monthly means for April-June. February, 1855, and March, 1867 : From the mean of 
months on either side for other years take reading on either side for same year and apply the average 
difference to the mean of the same months for other years. June, July, and August, 1854 : From the 
mean of months on either side for the years 1855-1859 take reading on either side for same year and 
apply the average difference to the mean of the same months for the years 1855-1859. November, 1858 : 
Original reading assumed to be in error and replaced by one interpolated from the months on either 
side. 
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LAKE ERIE. 

(Deduced table.) 

[Readings are below high water of 1838, or the Lake Survey plane of reference. Elevation = 575.20 feet.] 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept 


Oct. 


Nov. 


Dec. 


Mean. 


1819 












a5.33 

1 


a5.75 
5.04 












1820 






















1821 


























1822 












(6.00) 
















1823 


























1824 




























1825 












(4. 00) 
(2. 83) 
















1826 








t 


...... 














1827 


























1828 












4.04 




3.39 












1829 






















1830 












t 
1 


3.99 












1831 


























1832 












(2.83) 

(3. 17) 

2.52 

2.77 
















1833 


























1834 


























1835 










••••"■ 






3.27 










1836 














2.89 
1.89 
0.81 
1.21 
0.94 
3.04 










1837 


3.10 










2.58 
&0.33 
1.51 
0.44 
2.10 


0.25 
1.26 
1.01 
2.64 


3.50 
1.22 
2.01 
2.04 
3.59 










1838 








1.00 
1.84 
1.01 
1.84 
1.84 
2.38 
2.13 
2.04 
3.13 
2.54 
2.88 


L61 
L04 
2.24 
4.47 




1.96 






3.60 










1840 














1841 






2.75 


'2.* 56' 








1842 


2.35 










1843 
























1844 


























1845 














2.63 
3.06 


2.95 


3.18 


3.47 


3.80 




1846 


4.05 


4.39 


4.47 


4.10 


2.84 


2.89 




1847 




2.84 
2.40 








1848 :... 
























1849 
























1850 




























1851 








"••"•" 




















1852 








.••••. 




















1853 




























1854 
















1.94 
1.16 
L88 
1.18 
0.04 
0.66 


2.27 
L81 
2.13 
1.43 
0.60 
L26 


2.41 
1.67 
2.79 
L89 
0.70 
1.05 


2.ii 

1.50 
2.91 
1.35 
L12 
L23 


2.69 
1.22 
2.62 
1.35 
L02 
L48 




1855 

1856 


2.72 
1.86 
3.37 
L26 
1.03 


3.03 
2.26 
3.34 
1.66 
L25 


2.97 
2.59 


2.68 
2.10 


2.16 
2.14 
1.61 
1.26 
0.39 


1.88 
L76 
1.23 
-0.10 
0.42 


L38 
L73 
1.14 
—0.05 
0.36 


2.01 
2.23 


1857 




1858 


...... 

1.63 
0.84 


1.52 
0.27 


0.89 


1859 


0.86 







aBnffalo Commercial Advertiser: 1838 was 5.33 feet above 1819 in June, and 5.75 feet in August; 
according to Dr. Houghton it might be 6 feet. Mr. A. W, Higgins gives 1838 as 5.25 feet above 1819. 
b June 25 the reading was 0.00 (C. Whittlesey). 

ItEMABES — Mig. R. Lachlan : 1815 and 1816, 2 feet below 1838 ; 1817 and 1818, falling. Charles Whit- 
tlesey : 1822, 5 feet below 1838; 1825, 4 feet below 1838; 1826, 2.83 feet below 1838; 1832, 2.83 feet below 
1838; 1833, 3.17 feet below 1838. Grcneral level 1830, same as 1828, Maj. R. Lachlan. 

GenertU notes.— 17SS to 1815, no records, but reports from old settlers (from Charles Whittlesey's 
table). From table by Maj. B. Lachlan: 1790, 5.50 feet above 1819; 1795-96, described as low; 1800- 
1802, high; 1806, low; 1810-11, 6 feet below 1838. 

The readings in this table are taken from the original records by Whittlesey at Cleveland, Commer* 
clal Advertiser at Black Rock, and J. Lathrop, C. £., at Black Rock. The deduced tables of Messrs. 
Whittlesey and Lachlan were used when no original data was at hand. From 1854 to 1859 is taken 
from table in report of Chief of Engineers, 187^, and in appended tables. Part of 1857 and all of 1858 
are covered by observations by Charles Whittlesey, at Cleveland. 

H. Doc. 192 12 
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LAKE ONTARIO. 

(Deduced table.) 

[Beadings are above the zero of United States Engineer's gauge at Oswego, N. Y. 

244.21 feet.] 



Elevation = 



Tear. 


Jan. 


Feb. 


IdM. 


Apr. 


May. 


June. 


^oly. 


Aug. 


Sept. 


Oct. 


Nov. 

- - t 


Dec. i 

1 


Mean. 


1816 




0.23 
0.06 
0.73 






2.89 
1.73 












1816 






1 
















1817 






• ■■« ••!-■----- 


2.64 
2.06 
1.73 














1818 






0.23 
















1819 , 


1 


—0.69 
—1.19 
















1820 










0.73 
2.39 














1^1 






-0.77 


















1822 






—0.62 
0.44 
—0.27 
—1.77 
—1.77 




1.73 
2.06 














1828 
























1824 










2.23 














1826 










0.48 














1826 






•••*•• 




0.73 














1827 






» • • 




2.39 
(3.98) 
(4.42) 
(3.66) 
3.75 
3.33 
2.00 
2.83 
2.60 
2.66 
1.75 
2.92 
1.92 
2.83 
2.22 
2.24 
3.38 
4.25 
3.25 
2.24 
3,19 
3.39 
4.76 
4.71 






1.73 
2.67 
3.06 
2.38 
\2.49, 
1.50 
1.65 
1.63 
1.29 
1.33 
1.25 
1.76 
0.92 
0.69 
0.91 
1.28 
2.27 
2.24 
2.01 
1.95 
1.41 
3.25 
3.96 
3.57 








1837 


3.38 
(2.91) 
2.50 
(2. 09) 
2.06 
1.00 
1.30 
1.16 
1.16 
0.75 
1.00 
2.58 


(2. 42) 

(2.86) 

(2. 10) 

1.50 

1.96 

1.29 

(1. 18) 
1.17 
1.38 
0.50 
1.50 
2.17 


v2. 59) 
(3. 03) 
(2. 27) 
2.U8 
1.75 
1.67. 
1.65 
1.37 
1.67 
1.00 
2.00 
1.42 
1.81 
1.22 
1.25 
1.46 


(2. 95) 


^3. 53 > 


3.16 
4.75 
3.33 
3.58 
3.04 
2.50 
2.67 
2.52 
2.33 
1.75 
2.92 
1.83 
1.77 
1.90 
2.12 
3.28 
3.76 
3.31 
2.36 
3.34 
3.50 
4.61 
4.78 


(3. 62) 
3.64 
3.41 
3.33 
2.63 
2.17 
2.19 
2.68 
1.87 
1.50 
2.92 
1.75 
1.36 


(3. 12) 
3.77 
2.92 
2.80 

l2. 16) 
2.00 
1.71 
1.25 
1.67 
1.25 
2.00 
1.33 
1 OA 


(2. 56) 
(3. 00) 
2.00 
2.26 
0.78 
1.40 
1.54 
(1. 20) 
0.96 
1.00 
1.42 
0.50 
0.65 


(2.46) 

(2.89) 

,2.13) 

2.07 

U.66 

1.08 

1.17 

0.83 

(1.22) 

1.25 

1.17 

0.68 

n R^ 


3.03 


3838 


(3.39) i^.9n\ 


3.47 


1839 


(2. 63) 
2.58 
2.00 
1.86 
1.17 
1.67 
2.67 
1. 25 
2.00 
1.83 
2.17 
1.54 
1.80 
2.00 


(3. 21) 
8.29 
3.21 

(2. 23) 
2.25 
2.50 
2.67 
1.50 
2.58 
1.83 
2.79 
2.02 
2.12 
2.89 
3.20 
2.91 
1.06 
2.31 
2.43 
4.47 
4.42 


2.71 


1840 


2.46 


1841 


2.08 


1842 


1.74 


1843 


1.77 


1844 


1.87 


1845 


1.80 


1846 


1 23 


1847 


2.01 


1848 


1.S6 


1849 


1.65 ) 1-61 


1.58 


1850 


0.78 
0.60 
1.07 
2.32 
2.01 
0.62 
0.83 
0.24 
3.64 
3.T9 


0.90 
0.76 
1.12 
2.40 
1.77 
0.47 
0.32 
0.64 
3.41 
3.66 


1.46 . 1-20 


0. 61 0. 67 
1. 16 1. 08 
2.22 , 2.22 
2.16 i 2.14 
1.31 , n fii 


i.a 


1851 


1.91 
2.89 
2.82 
3.13 


1.79 
2.49 
2.56 
2. AH 


1.51 


1852 


2.27 


1853 


2.41 1 2.61 


2.75 


1854 


1.84 
0.62 
0.82 
1.01 
3.31 
8.86 


2.22 
0.43 
1.64 
1.56 
3.57 
4.01 


2.25 


1855 


2.22 2.48 
2.90 1.08 


1.26 
0.90 
3.21 
3.86 
2.99 


1.22 
0.26 
3.51 
3.82 
2.67 


1 41 


1856 


1.57 


1857 


3.91 
4.61 
4.62 


3.62 
4.20 
4.17 


151 


1868 


4 01 


1859 


3.89 








a record by Mr. Ousten at Gall Island, and a few readins^s from a dedaced table by Charles wliittl&- 
sey ; 1846 to 1848, from record kept by regents of New York University at mouth of Grenesee River; 
1849 to 1869, from record kept at Port Dalhousie. 

Interpolated monthly means we indicated by parentheses, and are found for any year by taking the 
mean of the monthly mean for each month for the fourteen years, 1846 to 1950, and correcting the 
same by the average difteranoe between the observed monthly means for that year aud theowreepend- 
ing mean of the monthly mean in the fouxteea-year SMles. Beoocds previeaa to 1849 depend upon 
single observations. 
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GHABACTEBISTIC HZOhH AND LOW WATBBB, 

The following table gives the chamcterlstic high and low waters, so 
far as they can be assigned, from the earliest reeords down to the presf 
ent time. These may be accepted provisionally as an indication of the 
nature oi the conclusions from the record. 

Char€icteri8tio high and low waters — 1815 to 1895. 

HIGH WATERS. 



Tear. 



1814 and 1815. 
1838 



1853. 

1858. 
185». 
18e2. 
1870. 
1876. 
1886. 



Lalcd Michigan 

(below bipli water 

of 1838). 



Unusuftlly liigh. . . 
July 0.00 



Nov 0.60 

July 0.65 

June 1.67 

Sept 2.]2 

July 1.20 

June 1.16 



Detroit River 

(below bJgh water 

of 1838). 



Unusually high . . . 

Summer 0. 00 

Aug 0,49 

July 1.07 

June 0. 15 

July 0.65 



July 
July 



1.29 
0.57 



Lake Erie 

(below bigb water 

of 1638). 



J une. 



0.00 



June 19 , 

Apr 

J une. . . , 
July . . . . 
June..., 
June — 



-0.25 
0.27 
0.69 
1.35 
0.59 
1.20 



Lake Ontario 

(above zero of 

Oswego gauge). 



July, 1815.. 2.80 

July 4.76 

Sept 3.77 

June 4.26 

June 4.76 

July....... 4.78 

May 4.7« 

May 4.83 

July 4.25 

May 4.52 



LOW WATERS. 



1819. 

1820. 

1825. 

1841. 

1846. 
1847. 
1848. 
1857. 
1866. 
1868. 
1869. 
1873. 
1881. 
1891. 
1892. 
1895. 



Feb 6.67 i 

June 4.67 

About same as 1 8 1 9 



Mar 6. 67 

June 5.82 

About same as 1819 



Dec 4.43 

Dec 5.03 

Feb 5.50 

Mar. 6 5. 65 



Oct 



6.15 



Jhd. 
Feb. 
Dec. 
Mar 
Jan. 
Jan. 

JaB. 
Dec- 



3.55 
4.46 
4.84 
4.63 
4.82 
3.76 
4.99 
4.87 
5.76 



Jan 



8.32 



Feb. 
Jan. 
Jan. 
Jan. 



3.96 
3.67 
3.68 
3.51 



1810 and 6.00 

1811,gea- 

eral. 

June 5. 33 

Aug 5. 75 

Aug 5.04 

General 4.00 

level. 

Oct 4.47 

Mar 4.47 

Mar (3.88) 

Mar (4. 22) 

Jan 3.37 

Feb  3.49 

Feb 4.07 

Feb 3.53 

Jan 3.95 

Jan 3.50 

Nov 3.90 

Feb 4.01 

Kov 4.41 



Mar., 1816. . 0. 06 



Mar —0.69 

June 1.73 

Mar — i.l9 

Mar — 1 77 

Dec 0.66 

Mar aO.OO 

Jan 1.00 

Nov a 0. 00 

Jan 0.84 

Jan }.d4 

Jaa 6.39 

Jan 1.10 

Jan 0.19 

Feb 0.61 

Dec 0.29 

Feb 0.36 

Nov —0.71 



a From tbe original record of Mr. J. W. Judson, C. E., Marob, 1847 i»nd 1848, for Laike Erie are 
approximate. 

Remarks — High waUr»: 1790, Lake Erie =: 5.50 feet above 1819. The high water of 1838, referred to 
as a plane of ref^M-aDce, ia the plane adopted by the Lake Survey. Low waters: 18^2, Lake Erie, 5 feet 
below high water of 1838; 1826, Lake Ontario in March =^1.77 feat. 



THE BBOORP. 

The record is appended, and is compiled separately for each lake and 
river, and exhibits all the information obtainable except in regard to 
the St. Lawrence and Lake Ghamplain. The list is as follows: Lake 
Superior, 2 sheets; Lake Michigan-Huron, 4 sheets; Deitroit Kiver, X 
^eet; Lak^ Erie, 5 sheets; Lake Ontario, 5 sheets, 

^o diagram has been drawn to exhibit the graphical record, as it hm 
been thought wise to defer this until the final digest has been made. 

The atitliority for the inlbrmatioii i» siet forth in oonnieetieu with the 
several collectkms of data. 

Very respectfully submitted, 3^ E. MJiLovmt, 
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WATER LEVELS PRIOR TO 1860 FOR THE GREAT LAKES. 

LAKE SUPERIOR. 

[Plane of reference is the miter sill, bead of canal, Sault Ste. Marie. (Article by Charles Whittlesey, 

Smithsonian Contribntions to Knowledge, Vol. XII, I860.)] 



Tear. 



Jan. 



Feb. 'Mar. 



1827-28a 
1838 &.. 



1844-45 « 
1846d. 



1847 e 
1851/ 



1852/.. 
1863 ff.. 
1854 A.. 
1855i .. 
1856i .. 



11.08 



Apr. 



11.21 



10.00 



9. 75 10. 25 
11.2911.29 



May. Jane July 



Ang. Sept. Oct. 



....11.58 

9. 92 10. 58 11. 00 

10. 37I1O. 75 11. 17 

11.8712.0812.50 

12. 25 12. 58 12. 75 



I 



12.25 



10. 50; 11. 33 
11.3311.54 
12.8312.90 
13. 09 13. 35 



Not. 



Dec. 



11.08 110.75 

11.7511.6811.26 



13.24 
13.19 



13.00 



Locality. 



S.Ste.Marie. 
do 



Observer. 



do 

Copper Har- 
bor. 
do 



.do 



do 

Eagle River. 
do 

S.Ste.Marie. 



Capt. I>ear- 
Dom,XJ.S.A 

M^. R. Lach- 
lan. 

W. W'. Ma- 
ther. 

TurrHl and 
Mather. 

D. D. Brock- 
way. 

Mr.rturrilL 

C.WhittJesev. 
Do. 

Wm. Finney. 

M. B. Sher- 
wood. 



a Beported to be at the lowest level. 

b Beported by M^or Lachlan as 3 feet higher than 1828, and 1 foot above 1837. 

e Not measured, but high. 

d From 2 to 3 feet below general level of 1845. 

e Bise from June to September 12. 

/ This by a mark on rock of Ducks Island, near end of Turrills dock, and compared with 1856. 

a Means of frequent observations during months. Copper Harbor. 

A Mark or zero transferred to Eagle Kiver dock. 

i Taken frequently during month under direction of Mr. Burt, superintendent of canal. 

The elevation of the upper miter sill of look is given as 588.30 feet by Mr. £. S. 
Wheeler, United States assistant engineer, Saalt Ste. Marie, in letter dated October 
26, 1896. This is assumed to be the same as the miter sill referred to by Whittlesey. 

General Notes by Whittlesey.— In 1847, trees 100 years old within 4 feet of 
level. 

In 1851, this being at the time the highest then known, state of water and mark 
as above with comparison of 7 months of 1855-56, corresponds to 12 feet 3 inches in 
the canal. • 

All those who journeyed along the shores of this lake in 1845-46 observed that the 
snmmer months were unusually dry. Fires occurred in swamps that held water long 
enough for cedar trees to ^row up and die of old age. Surface of lake declined in 
those years and still more in 1847 ; according to general estimate, 3 feet. 

Register of Messrs. Finney and Sherwood at Sault Ste. Marie show the effect of 
winds in a narrow crooked strait connecting two bodies of water. Reading were 
taken at upper and lower locks 1855-56, and show a difference of 2 feet 9 inches in 
8 hours, the wind having shifted 180^. 

LAKE STJPERIOB, AT SUPERIOB. 



[From Keport of Chief of Engineers, 1 

plane of reference or 


Cr. S. A., 1876, Part III, p. 91. Readings are below lake sarfaoe 
high water of 1838. (Elevation, 604.76 feet.)] 


Tear. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


Jnly. 


Aug. 


Sept. 


Oct. 


Nov. 


Deo. 


Mean 


1869 








1.25 


1.16 


1.23 


1.51 


1.56 

























This period is also covered hy records at Ontonagon, Marquette, and Sanlt Ste. 
Marie, published in reports of the Chief of Engineers for 1860 and 1870. The several 
records do not agree, and the record at Superior is given as the least liable to be in 
error. 

GEXSRAL NOTES. 

From Foster and Whitney's Report of Land District of Superior (Senate Ex. Doc. 
No. 4 special session, 1851.) Article by Charles Whittlesey: The surface of Lake 
Superior was, on 12th August. 1849^ 23^ inches higher than in May, 1847. At this 
time (November, 1851) Lake Superior is unusually nigh. During the sammer of 1S51 
it was about 3 feet above the general level of 1847, when it was unusually low. 

From Maj. R. Lachlan's article in American Journal of Science, vols. 69 and 70, pp. 
60-164, 45. 1855 : Superior, in 1838, 8 feet higher than usual and 1 foot above 1837. Ln 
1844 all tne lakes considered low. In Lake Superior, 1845, a rock appeared above 
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water at the entrance to Eagle Harbor, next year (1846) was 1^ feet high, and next 
year (1847) still higher. 

From article by J. W. Scott, in Hunt's Merchant Magazine, vol. 8, p. 77, 1843: The 
waters of the lakes became stationary, or, as some say, began to fall in the summer 
of 1839, since which time they have constantly receded. 

From article by J, J. Bigsby, Physical Geography of Lake Superior, Littell's Liv- 
ing Age, 1852, vol. 35, p. 7: Lake Superior is lowest in April and highest by a few 
feet in September. The great annual variations of rain in these countries produce 
corresponding changes of level. There are no tides and no cycle of years for lake 
levels. 

From report of the superintendent Sault Ste. Marie Canal for 1856 and 1858 
(joint document Michigan assembly) : On the 18th of July, 1855, water fluctuated 3 
feet 6 inches; highest, 14 feet 2 inches, lowest, 10 feet 8 inches. On 21st of Novem- 
ber, 1856, water rose to 14 feet 6 inches. On the 9th of August, 1858, water rose from 
11 feet 9 inches to 15 feet in about forty-five minutes. 

LAKE MICHIGAN. 

[From original record of Dr. I. A. Lapham, Milwaukee, "Wis. Plane of reference is Milwaukee City 
zero, or low water Milwaukee River, March, 1836, being 4 feet below the H. W. 1838. Headings are 
+ above or — below this plane.] 



Year. 


Jan. 


Feb. 


Mar. 


1 
Apr. May. 


1 
June. iJuh'. Aug. 

1 


Sept. 


Oct. 


Nov. 


Dec. 


Mean 


1836 






0.00 


1 




1 










1837 








0.80 


1 






..^.^,1. 




1838 












4.00 




*| 








1839 








1 














1840 








......1...... 




1 


1 








1841 








1* 

1 












—0.43 




1842 










•••••• 






t 







1843 
















■"""""i'*"**' 








1844 






I 








i 








1845 








aO. 50 




1 




1 


1846 




a— 0.42 

—1.50 

—1.34 

a— 0.70 


0.27 

1.28 

a— 1.35 

0.90 


0.21 
—1.19- 
—1. 00 - 


0.57 
-0.98 
-1.30 


0.56 

0.57 

—1.05 


(66.60) 6. 35 
-0.511-0.56 
_0. 47 0. 4fi 


— 0. 18|— 0. 38 
_fl. 45—0. 77 
—0.641—0.72 

1 


0.66 


1 na! 


1847 

1848 


—1.38 

1.29 

a— 0.80 


— 0. 88|— 1. 09 
_4). 82 —0.77 


—0.93 
—0.93 


1849 


aO.25 


0.25 








1850 


















1851 










a 1. 43 


ai'lb 












1852 










a2.50 


1.98 


1.90 


2.04 






1853 
















1854 








0.30 

1 - 


0.95 




r 












1855 










i 












1856 


; 


1 














1857 






i .1 


i 










"***"# 


1858 1 




0.92 
1.78 


1 cl. 20 . 


' 




2.04 




2.2ft 


3.31 


i.r^'A 




1859 


1.97 2.13 






2. 72 2. Rl 


2.34 2.ir 



























a March 6, 1848, lowest water — 1.65 feet. Kesult of but one or two observations. Tide gauge 
observations from September, 1859. 

b July, 1846. water only a little above June. From September, 1859, the means are from tide gauge 
records and observations taken at the foot of Poplar street, Milwaukee. Milwaukee zero= low water 
of 1836. Colonel G-raham's zero = 1.40 feet lower than Milwaukee. Chicago zero = 0.55 foot lower 
than Milwaukee, proved by comparing results of tide-gauge observations. United States Lake Survey 
zero = 5 feet higher than Milwaukee. 

e April 8, 1858, a great swell that upset a ferry boat. May 31. 1858, 6 a. m., a swell 3.14 feet high. 

Remabks.— The elevation of high water of 1838 = 584.34 feet and plane of reference is 584.34 — 4, or 
580.34 feet. Note in Dr. I. A. Lapnam's record : "Milwaukee zero (March, 1836) about 3 feet above low , 
water of 1819 and 1820." As high water of 1838 is 4 feet above Milwaukee zero, then high water of 
1838 is 4 f 3 = 7 feet above low water of 1819 and 1820. From low water of March 6, 1848', or— 1.65 to 
high water 1838, or + 4, the range is 4 + 1.65 = 5.65 feet. 

[From record in report of W. H. Clark, assistant engineer, board of public works, Chicago, 1865. Plane 

of reference is Chicago datum ; readings are above, or plus.] 



Year. 



Jan. 



1856 1.90 

1857 1 1.00 

1858 1 2.22 

1859 1 2.27 



Feb. 


Mar. 


Apr. 
1.56 


May. 
1.99 


June. 


July. 
1.99 


Aug. 
1.80 


Sept. 


Oct. 
1.49 


Nov. 
1.43 


Dec. 


1.41 


1.43 


1.92 


1.68 


1.20 


1.28 




1.87 


2.22 


2.52 


2.95 


3. 14 2. 99 


3.06 


2.25 


2.29 


1.93 


1.85 


2.37 


2.85 


3.27 


3.66 


3. 62 3. 22 


3.07 


(a) 


2.76 


2.40 


2.46 


3.10 


3.25 


3.25 


3.90 


3.60 


3.36 


3.03 


2.53 


2.60 



Mean. 



1.60 
2.42 
2.90 
2.98 



a The reading for November, 1858 (3.86), is probably in error, and is omitted from table. A comparl- 
son of seven months of 1859 gives Chicago datum as used by Mr. Clark as 0.52 foot below Milwaukee 
datum, used by Dr. Lapham. In reducing, the value 4.55 feet as used by Dr. Laphara is adopted. 

NOTB. — ^Dr. I. A. Lapham notes that "Chicago zero or datum is 0.55 foot lower than Milwaukee," 
hence Chicago datum is 580.34—0.55, or 579.79 feet. 
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[Ftom Tword of Col. J. D. Gnbham, kept at Cbicaco and published in tbe Cbief of Bngiaeers' reports. 
(Ex. Doc. Thirty- Ijfth Congress, first and secondsessionH, vol. 7, ]). 7, and vol. 2, pt. 3, p. 1105.) K«ad- 
logs are above zero of gauge on east end of nortb pier. Elevation of zero is o80.34 — 1.40 = 578.94 
feet.] 



Tear. 


Jan. 


Feb. 


Mar. 


Apr. 

• • k • • * 


May. 


June. 


1 
July. 


Aug. 


Sept. 


Oct, 
2.22 


Nov. 


Dec. Mean. 


1854 














2.79 


i.95 

'2.f»» 


1.87 
2.69 
2.25 
3.11 
1 




1855 


1.61 
Frozen. 
2.00 
3.04 


Frozen. 1 1.65 
2.40 2.29 
'^. 13 Froxen. 


l.t3 
2.42 
2.71 


2.40 
2.83 
3. 07 

3.70. 


2.69 
2.77 
3.46 
4.13 


2.72 
2.84 
3.80 
4.51 


2.83 
2.66 
3.99 

4.47 


2. 92 2. 79 




1856 


2.56 2.34. , 2-2.'i 




1857 


3.84 
i.Ofl 


3.91 


3.14 




1858 . 


2.78 2-90 1 3-22 




1659 






















1 

1 




1 |.-.- .*-..-. 





NoTB. — Dr. I. A. Lapham notes that Col. J. D. Graham's zero is 1.40 feet lower than Milwaukee and 
0.85 foot lower than Chicago. 

Note bt Colonel Graham. — Gauge e:)tablished at well of city works, and one at Kush street, on 
river. The zero8 all set at the same plane. 

A comparison of three years shows Colonel Graham's zero to be 0.89 foot below Chicago datum as 
used by Mr. Clark, or 4.52+0.89 = 5.41 beloW high water of 1838. In reducing the value, 5.40 feet as 
used by Dr. Lapham is adopted . 

GENKRAL NOTK8 AND TABLES. 

From Michigan Geological HepottH and quoted by Dr. I. A. Lapbatn in his notes. 
Readings are abovtj low water of 1819-20: 1800 or' 1802, very bigb; 1814 ancl 1816, 
unusnally high; 1819 and 1820, zero; 1828, 2.83 feet; 1830, 2.83 feet; 1836, 3.67 feet; 
1837, 4.08 feet; 1838, 4.67 feet; 1839, 3.92 feet; 1840, 2.58 feet. 

From article by Maj. Henry Whiting in Amerieal Journal of Science, vol. 20: A 
few observations bj^ Governor Cass on Green Bay, above an arbitrary zero : July, 
1828, 0.64 foot; August, 1828, 0.85 foot. 

In normal fluctuations, August is the same as June. — J. £. Maloney. 

From article by Charles Whittlesey in Smithsonian Contribution to Knowledge, 
Vol. XII, 1860: Lakes Huron and Michigan have not received much attention, but 
are known to have been high in 1838 and low In 1819. It does not necessarily follow 
that the highest or lowest level of different lakes will occur at the same time nor 
that the quantity of rise and fa!) Will be the same. 

Frotn Foster and Whitney^s Report, Land District of Wisconsin (article by Charles 
Whittlesey) : At this time (November, 1851) Lake Huron is stated to have been 2^ feet 
higher at the detour light than in 1847, Lake Michigan is reported to have been 
higher the past autumn thau for several years. 

From article by J. W. Scott in Hunt's Merchant Magazine, vol. 8, 1843: Tbe waters 
^f the lakes became stationary — or, as some say, began to fall in the summer of 1839, 
since which time they have constantly receded. 

From article by Maj. R. Lachlan in American Journal of Science, vols. 69 and TO, 
1855: In 1819 and 1820 tbe central and lower lakes described by Messrs. Hij^gins and 
.Whittlesey as unusually low, while Dr. Houghton and Colonel Whiting state that 
the Detroit River had resumed its usual level. In 1838 Lake Huron higiier than for 
two centuries. In 1838 Lake Michigan 6 feet higher th»u In 1820. In 1844 9ll th« 
lakes low. In 1845 Lakes Hurot) ana Michigan much lower than usual. 

^rom article by Charles Whittlesey in American Journal of Science, vol. T7, 1859: 
Observations by Mr. Underwood at Green Bay, for August and September, 1858, below 
zero: August, 1858,0.70 foot; September, 1858, 0.84 foot. 

LAKE HURON— POINT AUX BABQUBS. 

[Plane of pefereuoe being high watet of 1838. From Report of Chief of SDgifkoers, 1«<. 

t)f plane of reference =584 .34 feet.] 



Yeair. 


May. 


June. 


July. 


Aug. 


S^i. 


Oct. 


JTov. 


IHc. 


1C«MI. 


1850 


1.38 


1.08 


0.90 


0.99 


1.26 


1.46 


1.72 


1.82 









LAKE MICHIGAN— MILWAUKEE. 

[Plane of Reference being high water of 1838. From Beport of Chief of Engineers, 1876. 

of plane of reference =584.84 feet.] 



Tear. 


Aug. 
1.08 


Sept. 


Oct. 


Nov. 


Dec. 


Mean. 


1859 


L38 


1.47 


1.88 


l.di 
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LAKJB MTCHZOAN. 

[Trom Fbster and Whitney's report on Qeolosr of Lajod District of Wisconsin. Article by Charlee 

Whittleeey.] 

Dr. Houghton gives the followiog table of heights from a comparison of his own 
observations on Michigan, Huron, and Superior with those of Higgins, Whiting, 
and Hathan ior month of June each year, taking lowest stage of water, 1819-20, as 

a zero : 

Feet. Feet. 



June,1819-20 0.00 

June, 1828 2.83 

June, 1830 2.88 



June, 1836 3.67 

June, 1837 4.08 

June, 1838... 4.67 



If figured from February, 1820, to June, 1838, the total amount would be about 
6.67 feet. (Geological Rep., Mich., 1839, p. 24.) 

Mr. S. W. Higgins, in the Michigan Geological Report above referred to, uses the 
same zero as Dr. Houghton in 1838, but differing slightly as to the extreme rise of 
1838 above the depression of 1819. 



Feet above low water, 1819: 

1838 5.25 

18a9 (minimum) 1.58 

1839 ( m ax i mu m ) 3 . 92 

1840 (minimum) 0.75 



Feet above low water, 1819 — Continued- 

1840 (maximum) 2.63 

1841 0.54 

1840 (above low water of 1819-20). 



Year. 


Jan. Feb. 


Mar. 


Apr. 
2.17 


May. 


June. 
2.37 


July. 
2.50 


Aug. 


Sept. 


Oct. 


Nov. 


Dee. 


1840 


0.75 




2.29 


2.02 


1.87 


1.69 


1.46 


ltJ4l 


0. 54 

















. ... 
...... 













DETROIT RIVER. 
[From record furnished by engineers of Detroit waterworks, through Mr. G-. Y. Wisner, C. £.] 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


Jane. 

8.50 
6.50 
4.83 
4.17 


July. 


Aug. 


Sept. 


Oct. 


»ov. 


Dec. 


Mean 


1819 




















1830 


























1836 


























1837 






^ ^ 








1 










1838 














3. 17 1 3. 42 

1 6.33 

! 6.50 


4.17 
6.00 
6.58 
8.83 


5.17 
fi.0U 
6.83 
7.83 


8.17 




1839 


6.92 

7.75 
7.92 
7.50 


1 






4.83 
6.17 
7.50 


4.50 
6.00 
7.00 




1840 




6.33 


B 17 


7.00 
7.88 




1841 

1842 


7.92 


8.00 


7. 58 j 7, 75 


6.68 


7.42 


« • •  mi» 


1847 






1 










6.08 








1849 






6.33 


..... k'fi(\' 
















I860 












5.58 
3.75 
4.33 
4.17 
4.60 
3.83 
2.92 
3.33 














1853 









4.58 
4.83 
5.33 
4.92 
5.00 
4.08 
3.58 


4.75 
4.92 
4.75 
4.42 
3.75 
3.42 


3.83 
4.33 
4.58 
4.58 
4.08 
2.83 
3.58 


3. 92 4. 08' 
4.50 , i.75 


4.42 

0. uo 

4.58 


4.58 
5.50 
4.58 
5.58 
4.42 
8.92 
4.50 


4.75 
5.88 
4.83 
5.33 
4.42 
4.00 
3.75 




1864 


5.00 
5.33 
4.42 
6L00 
4.33 
3.83 


5.92 
5.75 
4.50 
3.75 
4.08 
4.00 


5.50 
5.33 
4.75 
5.50 
4.33 
4.00 




1855 


4.17 
4.58 
3.83 
3.08 
3.42 


4.42 




1856 


4.92 ! 5.00 
3.92 4.08 
3. 50 3. 75 




1857 




1858 




1859 


3.83 


4.33 





Remarks Readings are below water table of Orleans street engine house <e]i|^iie boose removed 

firom Orleans street in 1878 to the new grounds at eastern city limits, and gauge set there at the same 
elevatilon, which is 100 feet above city datum, and 580,30 feet above mean tide at New York City), The 
observation of 1819 was made by Maj. Henrv VThtthig. The observations ft-om 1830 to 1850, inclusive, 
by A. E. Hatban, who was for many years tJie city surveyor. The observations since 1850 were made 
4adly, b^ direction of Jaoob Houghton^ jr., superintendent and engineer Detrwt waterworks. The 
l^^res m the columns show t&e monthly means. Tbeobservations made befone tke engine bonse was 
erected (1868) were made with reference t-o a known point, and were afterwards by calculation referred 
to present base. 

This leeord is also fiYen in part in F-oster aod Whitoe^s cepoit^ and In report «f 
Captain Whipple, U. S. A. (Ex. Doc... Thirty -iiftli Congress, second sessios^vol. 2, pt. 3). 

From article by Charles Whittlesey, in Smithsonian Contribations to KnowledaO; 
Vol. XII, 1860 : Dr. Houghton has mentioned one observation made sometime in the 
winter 1^8-19 hy which the water in the Detroit River was 6.67 feet below flood of 
1S9S. The old Freneh inhabitaaits of Detroit have no tradition of a water level 
Mow that of the year 1819, although Detroit has been ecenpied flinoe 1702. 
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From article by Maj. Henry Whiting, U. S. A., in American Journal of Science, vol. 
20 : It is now a matter of record that in 1814 to 1815 the St. Clair and Detroit rivers 
were unusually high. Abrupt and considerable changes in the level of the Detroit 
River are frequently observed j within twelve hours there will sometimes be a differ- 
ence of 2 or 3 feet. The rivers continued at this unusual height (1830) until January, 
1831, when in the course of eight or ten days they subsided 3 or 4 feet, and they have 
now maintained the minimum level for about six weeks. Two hydraulic works ^which 
had been established in connection with the river the last season were left by this 
subsidence above high water, and had to extend their source pipes. 



LAKE ERIE. 

[Article by Charles Whittlesey, in Smithsonian Contributions to Knowledge, Vol. XII, 1860. 

ings reduced to depth on miter sill of enlarged Erie Canal.] 



Bead. 



Year. 



a 



-2 






p. 



eS 



a 



6.30 
6.30 



1819 

1820a 

1822 b 

1823c. ... 
1825d.'... 

1826 e 

1827/.,... 

18320 

1833 A 

1834i ,....| 8.82 

1835 :....! 8.57 

1837J..8.30,....; I 8.82 10.07 

1838* L...!.... 10.3911.4011.1510.64 

1839*. 7. 74. ...1.... I 9.50l 9.83 10.0810.13 






-4.3 
P4 

0(3 



O 






<u 



Locality. 



Black Bock 

....do 

Cleveland.. 

Canada 

Cleveland . . 
....do 



8.07 



10.10 



. Canada 

.' Cleveland.. 

.|....do 

.'..-:do 

. ....do 

Buffalo . . 



9. 89.... '9. 46 Cleveland. 



1840fc I....! 10.33'l0.90]0.3310.40 



1841*- .... 
1842*. 8.99 
1843*.:.... 
1844*.!.... 
18452..'.... 



1846... 7.34 6.97 
1847.. 



8.65 



1848. 



9.50| 9.24' 8.80 8.30 

9.50 

8.96 

9.21 

9.30 



6.91 



7.30 



9.33!10.30....'.... Black Rock 



9.30 
7.75 



I 



8.711 8.43 



8.26 
8.80| 
8.46 



8.57. 8.57| 8.34 



I 



1849 ! 9.40 

1850 1 8.96 

1851. .. 7. 88 7. 86 8. 40 8. 47 8. 59 

1851. ..|7.49... .!....' I 

1852... '8. 35 8. 07 8. 42 9.47,10.07 
1853. 



9.10 1 do 

6.87 1 do 

...'....do 

...i....do 

.......do 

8. 27!7. 8417. 00 Cleveland. 



8.50 
8.94 



— do .. 
...do .. 
Buffalo 



' ' t I ;.. 

8.49 !!!!". .'.'..'. !!!!!!!!!!. 7.7i'7.*83L!! 

9.34 9.46 9.34 9.071 9.13 9.2l|... .1.. 



do 
.do 
■do 



9.49 9.46 9.49 9. 15i 9.99 8.74 8.50 Cleveland.. 



1856... 
1857... 



10.3010.20 9.97 9.61 9.35 9. 10,9. 07|.... do 

9.56 9.40 9.4910.07 10.15, ! ....! do 

8. 3017. 90 ... .do 



8.1518.15 8.78 



9.65 



9. 90 10. 15 9. 99 9. 60, 9. 55 9. 32,9. 32, ... .do . 



Observer. 



A. Carter. 
McTaggart. 
A. Wolworth. 
A. Merchant. 
McTaggart. 

A. Wolworth. 

Do. 

Do. 

Do. 
J. Lathrop. 
G.C Davis. 
Commercial Adver- 
tiser of Buffalo. 

Do. 

Do. 

Do. 

Do. 

Do. 
Col. T. B. W. Stock- 
ton. 

Do. 

Do. 
Commercial Adver- 
tiser. 

Do. 
J. Lathrop. 

Do. 
C. Whittlesey. 

B. Stanard. 

C. Whittlesey. 

Do. 
Do. 



a Old residents of Buffalo state as low as 1819. 
b Rising, 4 feet below June, 1838. 
c Rising, 3 feet 3 inches below June, 1838. 
d Rising, lowest 3 feet below June, 1838. 
e Rising, lowest 2 feet 10 Inches below June, 
1838. 
/General level of 1815. 
g Average, 2 feet 10 inches below June, 1838. 



h A verage, 3 feet 2 inches below June, 1838. 

i Mr. Wolworth was first Government agent at 
this harbor. 

j Engineer on Erie Canal. 

* July to October, measurements seV'ertd times 
a day. 

I Government agent at this point. 



KoTB. — Report of New York State engineer and surveyor for 1888, p. 269, gives canal bottom 563.23, 
and as canal levels are 1.30 — 0.67, or 0.63 foot below Lake Survey, canal bottom west of guard lock is 
563.23 -fO.63 =563.86 feet. 



Buffalo Commercial Advertiser occasionally puhlished measurements, but original 
record not to be ha<l. 1830, water rising (Houghton, Geological Report, Michigan, 
1839). 1831, general level same as 1828, A. W. Higgins (Michigan, 1839). At Buf- 
falo the year 1810 is remembered as one of low water, nearly or quite as low as 1819. 
As the lake is broad opposite Cleveland, and the place is situated not far from the 
middle, its surface would be less affected by winds, and here the level during the 
summer of 1819 is regarded as the lowest. But if that year did not differ from other 
years in the period of annual rise and fall, it must have been still lower in the winter 
than in the summer months. 

From article by Charles Whittlesey, in Smithsonian Contributions to 
Knowledge, Volume XII, 1860 : At Cleveland high water of 1838 used 
as a zero, counting down to the water surface. This line was 2 feet 
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below surface of east pier at soath end of steps leading ap to parapet 
wall. As the records at different places are but seldom of the same 
dates, it is not easy to bring them into comparison with each other. 
To effect this in the only manner they admit of, I neglect the descent 
of the Detroit Kiver from that city to the lake, and regard the surface 
of the lake as level. The longest period of the Detroit tables which 
correspond withthose at Cleveland was compared by the mean of both, 
which gave the elevation of the stone water table of the hydraulic 
tower above the Cleveland zero as 3.43 feet. By Mr. Hathan's register 
this was 3.2 feet in June, 1838, above surface of the river. In July, 
Lathrop, at Buffalo, and Whittlesey, at Cleveland, kept registers, 
weather calm, fluctuations small. High water of 1838 by this com- 
parison corresponds to a depth of water in the enlarged Erie Canal of 
11.85 feet. The base of the hydraulic tower is therefore 14.85 feet 
above bottom of canal. The miter sill of the guard lock at Black Rock 
was at first used by the engineers of the State of !N"ew York on which 
to register the depth of the water. When the enlargement of the Erie 
Canal was commenced John Lathrop, C. E., transferred the measure- 
ments to the bottom of the canal at Buffalo, which is 1 foot below the 
miter sill of the guard lock. 

From Foster and Whitney's Report on Geology of Land District of 
Wisconsin (Senate Ex. Doc. No. 4, special session, March, 1851). Arti- 
cle on Water Levels, by Charles Whittlesey: For the zero at Cleveland 
in 1838, 1 made use of one of the courses of masonry on the east pier 
of the harbor at its southern extremity, being then the bottom of the 
first course from the top, but since the coping has been laid it is at this 
time the second. The zero (high water of 1838) of June 25, 1838, was 
6 feet below the surface of the southern end of the parapet wall as it 
now stands, October, 1851. Dift'erent observers do not agree as to the 
highest or lowest stages of water. At Cleveland it was unquestiona- 
bly highest about June 25, 1838, when it was 2.42 feet below surface of 
main wall at south end of east pier; 2 feet below the same wall 400 feet 
from south end, and 6.33 feet below the coping of the lock, west wing 
wall, Merwin street and Cuyahoga River. These marks by Mr. Howe, 
engineer Ohio Canal, General Merchant, Colonel Stockton, and myself. 
At the other end (Buttalo) of the lake accounts differ as to the fact 
of the lowest water being in 1819 or 1820, but the difference between 
the two years was slight. At Black Rock the highest stage of water 
is stated to have been in August, and not in June, 1838, but at Buffalo 
it is given as June. At Buffalo and Black Rock there is less regularity 
than elsewhere, showing that winds and the form of coast produce 
irregularities there which are local. But if we reduce the observations 
at Black Rock to the standard, we find that the low water of October, 
1841, was below the level of 18L9, when it is universally agreed that 
this was the lowest stage known. Mr. Lathrop remarks that the depth 
of water on miter sill of guard lock at Black Rock is very much influ- 
enced by the mills which are fed from that basin. The records show 
that the fluctuations are greater at Black Rock than at either Cleveland 
or Detroit. 

From History of Cleveland, Ohio, by Charles Whittlesey, 1867 : Ele- 
vation of top of east pier at Cleveland over bottom of enlarged Erie 
Canal is 13.42 feet. 



1«8 
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In 1838 Lake Erie stated by Higgins to be 5.25 feet above 1819, and by Buffalo 
Advertiser 5.33 feet in June, and 5.75 feet in August, and according to Dr. Hoaghton 
it might be 6 feet. Much land overflowed and trees of a hundred vears' growth were 
killed. By February, 1839, Erie had fallen to 3.67 feet and in 1840 it was higher 
than for twenty-three years, excepting 1838. (See Buffalo Advertiser April, 1851.) 

From a report on Buffalo Harbor (House Ex. Doc, 30th Cong., 2d sess., Vol. IV): 
Lake Erie unusually low in 1809, Deacon Collender drove cattle in September from 
Huron to Buffalo crossing every stream, except Rock Riverj by wading. In October, 
1844, water raised 10 feet by gale at Buffalo, and at Dunkirk 2 or 3 feet below Buf- 
falo at flood. Prevalent winds from the SW. 

[Fyom Lake Survey (Report Chief of Engineerg, 1876, Part III). Seadings below plane of reference 

or high water of 1838. Elevation = 575.20 feet.] 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 
0.76 


Aug. 


Sept. 


Oct. 


Nov. Dec. 


Mean. 


CLEVELAND. 

1859 












0.87 

1.94 
1.16 
1.88 
1.18 
.04 
.66 


1.28 1-B4 


1 

1.98 1.68 
2. 11 2- 69 




PORT COT.BOENE. 
1854 














2.27 
1.81 
2.13 
1.43 


2.41 
1.57 
2.79 

1.89 




1865 


2.72 
1.86 
3.37 
1.26 
1.03 


3.03 
2.26 
3.34 
1.66 
1.25 


2.97 
2.59 

(a) 

1.63 

.84 


2.68 
2.10 

(a) 
1.52 

.27 


2.16 1.88 


1.38 

1.73 

1.14 

—.05 

.36 


1.50 
2.91 
1.35 


1.22 
2.62 
l.S.'i 


2.01 


1856 


2.14 


1.76 


2.23 


1857 


1.61 

1.26 

.39 


1.23 
.10 
.42 




1858 


.60 


.70 


1.12 ; 1.02 
1.23 1 1-4.1 


.89 


1859 


1.26 1 n.^ 


.85 



















a The readings for March and April, 1857, 1.75 and 1.20, respectively, as published are assumed to 
be in error and are omitted. 

LAKE ONTARIO AT OSWEGO. 

[Becord furnished by Mr. Wm. Plerson Judson, C. E., from personal files of his father, Mr. J. W. 

Judson, C. E.] 

[Measurements upward and above an arbitrary bench mark. Elevation of bench mark or zero=244.21 

feet.] 



Year. 


Jan. 


Feb. 


Mar. 


Apr. May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


1 

Dec. Mean. 

1 


1837 


3.33 






1 




3.16 
4.75 




1 

1 






1838 






1 




,. 






1839 ..: 


2.50 






1 




3.41 










1840 


1.50 




i 


3.75 














1841 




1.75 


' 


3.33 












0.66 
1.08 




1842 






1 


2.50 












1843 : 








1 


2.83 














1844 


1.16 








2.38 










1845 






1 


2.60 
1.41 
2.66 














1846 






0.00 
1.25 


"*'l 
















1847 






1 
















1848 






1 


1.58 
2.00 










0.00 






1849 








1 








2.00 


1 


1850 




















1 1 


1851 


....•• 




' 




2.41 
3.33 






1.66 










1852 






















1853 










4.41 
4.41 












2.25 


1854 





















1.16 




1855 






0.67 
1.58 








2.75 






'2.66 ' 


1856 








1 


3.66 


3.08 


2.75 








0.83 

3.83 


1857 


0.66 
3.66 








3.08 
4.66 






" 


1858 






3.33 








4.41 






1859 








4.67 


4.25 


4.66 






2.66 























B.BMABK8. — This record is exactly duplicated by that published in New York Meteorology, 1850-1863, 
by F. B. Hough (New York Library). 

The only discrepancy is the reading of March, 1855, given by Mr. Judson as 2.75 feet and by Mr. 
Hough as 0.67; as 0.67 seems to agree with the record at Port Dalhonsie, it is accepted as correct. 

The zero readings of March, 1846, and November, 1848, are from Mr. Judson's record, and are not 
given by Mr. Eough. 

These readings are probably from single observations. 

Mr. Wm. Pierson Judson in letter of February 20, 1896, gives the following infor- 
mation in regard to the zero or arbitrary mark used above : '^ In 1838 my father (John 
W. Judson, graduate of West Point, class of 1836), who was for many years United 
States agent in charge of Lake Ontario works, established the zero of the Oswego 
gauge at what he determined to his satisfaction was extreme low water level, 
Sioagh at that time the lake was extremely high. He found in 1838 an entire lack 
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of knowledge of lake flnctuatioDs, and saw that a record of them was necessary to 
intelligent work. Among other evidence he found an old resident who lived on the 
lake shore and who told him of a time about twenty years ago (evidently in 1819) 
when the lake was the lowest ever known, and when the rock ledges were dry far 
out from shore. He said he had there quarried the rook, and had drilled one hole 
around which he expected to make a clay dam to keep his powder dry. His drUl 
was jammed in the hole when the waves arose and drove him away, and later broke 
off the drill. They went out in a boat and found the broken drill in the hole, and 
this was taken as the zero level which has since been used.'' 
The elevation of this zero is 244.21 feet. 



RECORD AT OGDENSBUHG, NEW YORK. 

A record of water levels at Ogdensburg from 1851 to 1857 is given in New York 
Meteorology, 1850-1863, by F. B. Hough (New York State Library). As no compila- 
tion of records prior to 1860 along the St. Lawrence River has been attempted in this 
exhibit, this table is omitted. 

LAKE ONTARIO AT CHARLOTTE, N. T. (MOUTH OF GENESEE RIVER). 

[Monthly mean of water levels below a fixed point. From article by Prof. C. Bewey in American 
Jonmal of Science, vol. 77, and also given in New York Meteorology, 1850-1863, by F. B. Hough (New 
York State Library).] 



Tear. 



1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 



Jan. 


Feb. 


Mar. 


4.25 


4.50 


4.00 


4.00 


3.50 


3.00 


2.42 


2.83 


3.58 


4.17 


4.17 


4.33 


3.75 


3.33 


3.33 


3.67 


4.50 


4.00 


4.17 


4.25 


4.00 


2.92 


2.67 


2.67 


3.25 


3.25 


3.17 


4.33 


4.42 


3.00 


2.92 


2.92 


2.75 


4.50 


4.67 


8.83 


1.58 


1.08 


1.08 


1.67 


2.00 


1.33 



Apr. 



3.75 
3.00 
3.17 
3.83 
3.33 
3.92 
3.67 
2.08 
3.17 
3.33 
2.58 
3.67 
1.50 
0.83 



May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


3.50 


3.25 


3.25 


3.50 


3.75 


3.75 


4.00 


3.75 


2.42 


2.08 


2.08 


2.08 


3.00 


3.25 


3.58 


3.83 


3.17 


3.08 


3.17 


3.25 


3.67 


4.08 


4.50 


4.42 


3.00 


2.75 


3.67 


3.25 


3.75 


3.17 


3.17 


3.42 


2.67 


2.42 


2.83 


3.83 


3.92 


4.33 


4.58 


3.58 


3.67 


3.17 


2.92 


3.17 


3.50 


3.92 


4.42 


4.25 


2.17 


2.17 


1.83 


2.00 


2.50 


1.92 


3.17 


2.83 


1.67 


1.17 


2.25 


1.67 


2.00 


2.33 


3.17 


3.26 


2.25 


2.00 


2.08 


2.25 


3.00 


3.67 


4.00 


4.17 


3.33 


3.00 


2.83 


3.00 


3.00 


2.83 


2.75 


2.76 


1.92 


1.50 


1.92 


2.50 


3.08 


3.83 


4.42 


4.42 


2.92 


2.00 


1.58 


1.00 


1.17 


0.75 


2.00 


1.83 


0.33 


0.50 


0.33 


0.17 


0.67 


1.00 


1.17 


1.33 


0.50 


6.17 


0.67 


0.92 


1.42 


1.83 


2.33 


2.08 



Mean. 



3.77 
2.99 
3.44 
3.56 
3.49 
3.76 
2.89 
2.32 
3.02 
3.21 
2.90 
2.49 
0.90 
1.31 



Rbmabks. — These readings were taken on the first day of each month. Taken by H. T. Spencer, 
from 1846 to 1865, and by Luther Jefibrds, from 1855 to 1859, and reported by Prof. Chester Dewey, of 
Rochester. 

There are some slight differences in the record as given in the two publications mentioned, and that 
which seemed most consistent was accepted. 

The average difference between the record from 1846 to 1859 at Oswego and this is about 4.92 feet, 
the Oswego record being above zero and this down. Hence the elevation of the fixed point used as zero 
is approximately 244.21+4.92=249.13 feet. 

By comparison with Port Dalhonsie for the years 1849 to 1859, inclasive, the fixed 
point is 233.124-(13.45-f 2.71) = 249.28 feet. 

Adopted 249.21 as being a mean of the two determinations and exactly 5 feet above 
above Oswego zero. 

''The lowest measured in Febraary 1857, and highest in Angnst, 1858. This same 
maximum and minimum at Toronto in the months and years. For this fact I am 
indebted to the accurate observer at that point in Canada West, the harbor master. 
The range is found to be nearly the same in Lake Michigan. While force of winds 
make observations not altogether simultaneous at the points differently affected by 
the winds, still a series of observations must lead to closely approximate results.'' 

LAKE ONTARIO AT CHAUMONT. 

[From a record kept by C. Y. R. Horton, at Chaumont, Jefferson County, N. Y. Published in New 
York Meteorology, 1850-1803, by F. B. Hough, New York State Library. The distances are from the 
top of dock down to the water. Record is of one or two observations.] 



Year. 


Jan. 


Feb. 


Mar. 


Apr.l 


May. 1 


Junel 


Julyl 


1 
Aug. 1 , Sept.l 


Oct. 1 


Nov.l 


Deo. 


Mean 


1859 








1.26 


0.67 


0.50 


0.87 


1.00 I 1.42 

1 


2.08 


2.07 


2.67 















RBafABK8.^Mr. Horton remarks that the lake had been higher in 1859 than had ever before been 
known. Owing to the small amount of rain that fell in the spnng and early summer months, it began 
to fall earlier than usual. 

By Judson record top of dock is 244.21+5.15=249.38 feet; by Lake Survey top of dock is 249.04+ 
0.86=249.40 feet; by Fort Dalhousie top of dock is 233.12+16.51=249.63 feet. Adopted the mean, or 
240.45 feet. 
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Frosu tarftditional account* and the roooUectiou of early «ettler« the lake *t Gluii- 
mont wae low in 1803, 1804, 1808 to 1811, 1832 to 1828, 1844 to 1850; and higb in 1796» 
1805 to 1807, 1812 to 1819, 1829 to 1831, 1837 to 1839, 18a2, and 181^3. It was of middle 
height iu 1820, 1821, 1832 to 1836, 1840, 1841, and 18al. The extreme changes of leveii, 
inolnding sudden oscillations, hare been almost 5 fesit. 

On the 15th of June, 1859, the waters rose and iell 21 inches. 

I.JLEiC ONTABIO AT PORT DALHOUSIS. 
[Readinga aro depth of water on miter sill of entraaoe lock, WeUuiid CUutal, at Port Palltoiuie*] 



Year. 



1649 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1850 



Jan. I Feb. 



12.74 
11.87 
11. 69 
12. 16; 
13.41, 
13. 10, 
11.711 
11.92 
11. 33 
14.63 
14. 88 



12.70 
11.99 
11.85 
12. 21 
13.49 
12.86 
11.56 
11.41 
11.63 
14.50 
14.75 



Mar. 



12.90 
12.31 
12.34 
12.55 
13.50 
12.93 
11.71 
11.91 
12.10 
14.40 
14.44 



Apr. 



13.26 
12.63 
12. 89 
13.09 
18.70 
13.31 
11.52 
12.63 
12.64 
14.66 
15.10 



May. 



13.88 
13.11 
13.21 
13.98 
14.38 
14. 00 
12.15 
33.40 
13. 52 
15.56 
15.51 



June. 



13.92 
13.31 
13.33 
14.47 
15:34 
14.34 
13.33 
14.2gi 
14.48 
15.84 
15.80 



July. 



12.86 
12.99 
13.21 
14.37 
U.84i 
14.40 
13.45 
14.431 
14.59 
15.70 
15.87 



Aug. 



12.45 
12. 55 
13.00 
13.98 
13.91 
14.22 
13.31 
13.99i 
15.00 
15.70 
15.71 



Sept. ! Oct. 



12.15 
12.38 
12.86 
13.58 
13.04 
13.77 
13.57] 
12. 17 1 
14.711 

15.29: 

15. 26| 



11.78 
12.00 
12.87 
13.36 
13.33 
13.10 
13.04 
12.50 
14.34 
15.04 
14.66 



Nov. 



11.74 

11.601 

12.25 

13.31 

13.25 

12.40 

12.35 

11.99 

14.30 

14.94 

14.08 



Dec. 



11.64 
11.66 
12.17 
13.31 
13.23 
11.70 
12.31 
11.35 
14.60 
14.91 
13.66 



Mean. 



12.67 
12.37 
12.60 
13.36 
13.84 
13.34 
12.50 
12.66 
13.60 
15.10 
14.98 



I 



Bemabkb.— Elevation of miter sill of old lock, or plane of reference, at Port DalbouBie is 233.12 feet. 
The reading for September, 1853, i$ assumed to be 1 foot in error, and is corrected by that amoimt. 
This record inrnished by Mr. Thomas Monro, engineer Soulanges Canal, letter of September 14, 1896, 
and is a monthly mean of daily record by lock master. By a comparison of twenty-eight mouths 
common to Judson's record at Oswego and this table the miter sill is 10.98 feet below the Jndson zero, 
or 244.21 - 10.98 = 233.23 feet. 



LAKE ONTARIO AT FORT NIAGARA. 

[From article by Mr. Ew'd Oiddings (pnblisl^d in pamphlet, Lockport, N. Y., in 1838, New York 

State Library). Reaidings are above a certain zero.] 



Year. 


Jan. 


Feb. Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Mean. 


1815 




2.67 






5.33 
4.17 














1816 




2.50 




















1817 




3.17 


• 




5.08 
4.50 
4.17 








- ^ - — w • — • 




1818 






2.67 


















1819 




i.75 
















1820 




1.25 






3.17 
4.83 














1821 






L67 


















1822 




1.92 




4.17 
4.50 














1823 1 


2.00 




















1824 


2.17 






4.67 














1825 


0.67 






2.92 














J826 




0.67 






3.17 














1827 










4.83 






4.17 
5.50 








1838 










7.17 


6.08 










1 

















Rbmabkb.— Register kept at Fort Niagara by Mr. G^iddings. Zero i^ 5 feet below the tipper snrfiMe 
of the upper end of the cap sill of the wharf at the month of the Ntagwra River near Fort Nte^j^ara. 
From aeomparison of th« readings of 1838 Mr. Whittlesey coneluded that Mr. 6riddiBgft'B zero wiMi 10 
feet below the Oswego zero (benchmark A 3:251.96 feet), or 251.96 - 10 :;= 241.96 feet. This register 
reduced and published by Mr. Whittlesey. These readings are from single observations, btxt aro 
intended to show an average condition. Comparing by July, 1838, with Judson's record, the zero 
244.21 — (7.17 — 4.75) = 241.79 feet. Zero => 241.77 adofied as approKimately correct. Comparing July, 
1838, with Mr. Whittlesey's table gives 251.96 - (3.04 + 7.17) = 241.75 feet. 

Notes. — In 1815, 1816, and 1817 water nearly stiatiimary from November to March ; 
in 1818, from December to April; in 1819 and 1820, from November to March; in 1^21^ 
from December to April, and in 1822 t& 1826 from December to March. 

This record famished by the New York State Library through tho courteay of the 
secretary and director, Mr. Melvil Dewey. 



B£POBT OF U. S. DEEP WATERWAYS COMMISSION. 



191 



LAKE OSrCASIO. 

[From article by Qwx. H. A. S. Dearborn, A-iuerlcan Jonmal of Science, vol. 16. **In 1814 Lake Ontario 
abont a feet higher tlian in 1813." Prou article by £. Merriman in Hant Masaoine, toL 28, pp. M-W. 
Beoord kep^ bv Mr. Oasten, keepw of Gh>vemment Ugbt^iouse on 6uU Itwnd. Readings are all 
above zero, lilevation of zero approximately 244.71 feet.] 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June.' July. 


Aug. Sept. 


I 1 

Oct. Nov. 


Deo. 


Mean. 


Ig40 










2.83 










0.75 j 


184) 








1.50 








aO.33 






.50 


1842 






1.17 




i.50 










.67 


1843 






".87 
1.17 


1.75 
2.00 






1 






.67 1 


1844 












' .75 






.33 


1845 






1.17 


2.17 






, 1.17 






. «#w ^ ..... . 








1 








1 









a Fell 14 inohes in tbirty-eix bours. 

Remarks. — Readings are all single observations. From a comparison witb Judson's original record of 
tbeonly montb common to the two, the zero appears to be 1.83 — 1.33 or 0.50 + 244.21=244.71 feet. By a 
comparisonof thirteen months vrithMT.Whitttesey'sdednced table the zero is 251.96— 7.05=244.91 feet. 

Mr. Onsten remarks in report dated December 15, 1846: ''The lake commence4 
rising in October and continued on the rise when the light was discontinued^ Decem- 
ber 6, at the close of navigation. In August, for the first time since I took charge of 
the light, I could walk around the tower, the rock upon which it stands being dry. 
The highest in these records is June 29, 1840, and the lowest August, 1846." 

RiDBAU Canal Recobd as kbpt at the Lock at Kingston Mills. 
[This table furnished by the Department of Railways and Canals, Dominion of Canada.] 



Year. 



1850.. 
1853.. 
1855.. 
1856.. 
1857.. 
1858.. 



Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


7.81 


7.88 


" 0' 
7.50 


8.17 


a88 


8.76 


7.89 


8.29 


8.52 


8.92 


9.27 


9.62 


10.75 


10.92 


10.61 


9.68 


7.43 


7.25 


7.37 


7.77 


8.25 


8.69 


9.17 


8.50 


8.50 


8.58 


8.30 


8.50 


9.00 


9.00 


9.00 


8.83 


8.00 


8.04 


8.03 


8.02 


7.98 


8.00 


8.00 


8.00 


8.00 


8.00 


8.35 


9.12 


8.50 


8.67 


8.50 


8.80 



Sept. Oct. 



8.13 
9.53 
8.63 
8.31 
8.00 
9.00 



7.42 
9.10 
8.50 
8.25 
8.00 
9.00 



Nov. 


Dec. 


6.83 


7.03 


8.83 


8.81 


8.13 


8.27 


8.00 


8.23 


8.00 


8.00 


8.50 


8.44 



Mean. 



7.88 
9.55 
8.16 
8.54 
8.01 
8.57 



Bbmabks.— The readings give the depth of water on the miter sill of lower lock, taken about four 
times a month, and the average taken as a monthly mean. 

From a comparison of the mean of the means of six years between Kingston and 
Port Dalhonsie, the miter sill at Kingston Mills is 233.12 + 13.35—8.45, or 238.02 feet 
above mean tide at New York. 

The value used for this miter sill, 237.81, deduced from a comparison of water levels, 
1893 to 1835, inclusive. (See Water levels for the Great Lakes, etc.) 

The following is from an article by M^j. E. Lachlan, in American Journal of 
Science, vols. ^ and 70, 1855. 

In contrast to Lake £rie from 1846 to 1852, Lake Ontario was as follows at mouth 
of Genesee Kiver. Distanoes are from top of doek to water : 



Year. 


Distances. 


Year. 


Distances. 


1846 


Feet. 
2.25 
1.08 
2.08 


1849 


Feet. 
1.75 


1847 


1850 


1.42 


1848 


1 1851 


1.92 




1 





Notes.— In 1852 Lake Ontario 1.17 feet higher than in 1851. In 1853 Lake Ontario 
0.75 foot higher, and calculated to be the same as In 1830 and 1838, and 4.42 feet 
feet above minimum of 1849. In 1838 Lake Ontario said to be 6 feet 10 inches 
above 1825. 
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LAKE ONTARIO. 

[From article by Chaxles Whittlesey in Smithsonian Contributions to Knowledge, Vol. XII, 1860. This 
record is reduced from original Oswego records, bat contains many readings not in any origina 
table at hand.] 



Year.a 


Jan. 


Feb! 


Mar. 


Apr. 


May. 


Jane. 


Jnly. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Mean. 


1837 














4.50 
3.04 
4.42 
4.17 
4.71 
5.23 
5.08 
5.23 
5.42 
6.08 






5.08 
4.42 
5.37 

'6.'25* 
6.10 
6.12 
6.46 
6.42 
7.12 








1838 














4." 46* 

4.42 

5.12 

5.58 

5.56 

5.39 

5.88 

6.83 


3.98 
4. 83 
4.95 

'6.'75* 
6.04 
5.52 
6.50 
6.69 








1839 


5.46 

"5.' 69' 
6.75 
6.45 
6.58 
6.60 
7.46 












5.75 
5.49 
6.97 
6.35 
6.21 


'sJes' 

7.00 
6.55 
6.42 




1840 

1841 


6.29 
5.79 
6.46 

'6.' 58" 
6.37 
7.58 


5.67 
5.96 
6.17 
6.10 
6.38 


5.17 
5.23 
5.89 
6.50 


4.46 
4.54 

'5! 26* 
6.' 33' 


4.12 
4.56 
5.42 
5.05 
5.26 
5.08 
6.35 




1842 




1843 

1844 




1845 


i 5.08 


6.79 
7.46 






1846 


7.73 


6.58 


6.58 









a At Oswego, 1837 to 1845 inclusiye, and at Oswego and Bochester, 1846. 

Bemabks.— Becord taken at Oswego by Lieutenant Smeed, IT. S. A., from 1837 to 1840, and by J. W. 
Judson, C. E., from 1840 to 1845. 

As the original record of Mr. Judson does not show nearly as full as this table, Mr. Whittlesey 
probably had access to other data which are not at hand in the original form. Mr. Whittlesey 
reduced table is therefore inserted here. 

The zero was the top of coping of the west pier near its southern end at the boat* 
honse, counting downward to the surface of the water. This zero is stated to be the 
same as bench mark A. Oswego elevation equals 251.96 feet. (Authority of William 
Piersou Judson.) 

By a comparison of twenty months common to both registers^ Mr. Spencer's or 
Professor Dewey's zero, or top of Rochester dock is 2.83 feet below Oswego zero, or 
elevation is 251.96— 2.83 =249.13 feet. 

In 1795 yearly change of levels equals 3 feet hy Mr. Weld (Weld's Travels in Canada). 
Lake reported higher than for the past thirty years. Lowest state since 1838 was 
November, 1848. ^ 

The following is from United States Lake Survey (Report of Chief of Engineers, 
1876), plane of reference being high water of 1838. Elevation taken as 249.04 feet : 



Locality. 


Year. 


Jan. 


Feb. 


Mar. Apr. 

1 


May. 


Jnne. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Cifi'WfiffO 


1859 




i 




0.12 
0.15 
0.56 


0.46 
0.46 
0.79 


0.64 
0.96 
1.08 


1.15 
1.66 
1.73 


1.64 
2.13 
2.32 


2.23 
2.62 
2.74 


2.24 


Charlotte . . .... . 








2.29 


Fort ifiaffara 1 8S0 








2.52 








1 







The following is from New York Meteorology, by F. B. Hough. Measurements 
made by Deputy Harbor Master Smith, of Toronto. Published in Canadian Year 
Book for 1871 and given as upward from an arbitrary point. In this table the meas- 
urements have been reduced to read from a point 4.37 feet above the original zero, 
and the readings are all down to water surface. For six years, 1854-1859, the mean 
at Toronto was 2.06 and at Charlotte 2.31 feet, the former above and the latter 
below. The sum of the two equals 4.37 feet. 

[Table prepared by Prof. G. T. Kingston, director observatory.] 



Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May, 


Jnne. July. 

1 


Aug. 


Sept. 


Oct. 


Nov. 


Deo. 


Mean. 


1854 


2.71 
3.70 
2.73 
4.05 
1.77 
2.61 


2.62 
3.81 
2.87 
3.95 
1.87 
2.54 


2.54 
3.97 
2.95 
3.40 
2.34 
2.44 


2.35 
3.85 
2.66 
2.91 
2.00 
1.50 


i.eo 

3.00 
1.97 
1.91 
1.83 
0.91 


1.39 
2.68 
1.69 
1.35 
1.09 


1.52 
2.15 
1.86 
0.89 
0.82 


2.10 
2.00 
2.22 
0.92 
0.99 
1.40 


2.50 
2.20 
2.60 
1.12 
1.59 
2.03 


2.92 
2.31 
2.99 
1.58 
1.96 
2.60 


3.48 
2.62 
3.60 
1.64 
2.29 
3.05 


3.62 
2.46 
3.75 
1.25 
2.64 
2.85 


2.44 


1865 


2.89 


1856 


2.65 


1857 

1868 


2.08 
1-77 


1859 


0.91 


1.14 


1.99 



EXHIBIT O. 

THE ICE SEASON.— BASIN OF THE GREAT LAKES AND 

SURROUNDING TERRITORY.' 

[Longitude, 70° to 109° west; latitude, 37° to 59° north.] 

Sir : In submitting this report on the data of the ice season of the 
United States and Canada, I call attention to the fact that an effort was 
first made to secure data upon the subject from governmental depart- 
ments, where such data would be expected to be found, and it was 
ascertained that very little had been collected, and consequently only 
a small amount of the data found in the United States tables were 
furnished. 

The department of public works of Canada had much more data on 
record, and it was willingly furnished for the compiling of the tables 
for Canadian points along the Great Lakes. 

An original collection of data was begun by order of the engineer of 
the Commission, and a voluminous correspondence was undertaken with 
heads of departments of public works, observers of weather bureaus, 
directors of meteorological offices, superintendents of marine and fish- 
eries departments, inspectors of light-house establishments, light house 
keepers, collectors of customs, boat captains, ice merchants, city engi- 
neers, postmasters, secretaries of boards of trade, and lake carriers' 
association, managers and superintendents of railroad companies, man- 
agers of steamboat lines and ferries, and private individuals, and others 
in the United States and Dominion of Canada who were in position to 
have the information sought. 

A commendable interest was awakened among officials and private 
citizens on the subject, and a great amount of data was furnished, 
either directly or indirectly, covering 171 points and 26 canals, situated 
in both countries. 

This data represents a vast amount of research among old documents, 
diaries, log books, and books of accounts. The data as received were 
arranged In a very miscellaneous manner and has been systematically 
compiled in tables, and where examined and compared has been found 
to be very consistent. 

The data for some points were difficult to obtain and involved an 
extended inquiry before the proper party could be found; but eventu- 
ally some person was discovered who could furnish the data, which in 
several instances covered a long period. Had more time been availa- 
ble it would doubtless have been possible to discover the existence of 
data at other points and obtain the same. 



^ Prepared under the direction of L. E. Cooley, C. E., by Assistant Charles Poore. 
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More than 700 letters have been sent out for information, and, with 
but few exceptions, replies have been received, saying the writers would 
gladly do what they could to obtain the information sought. And when 
it could not be readily discovered it required time to locate the party 
having the information, and the time allotted for this investigation has 
proved too short to obtain all data that should be embodied in this 
report. 

In this connection the great interest taken and the spirit of coopera- 
tion exhibited is to be especially commended, and to it is due in large 
part whatever success the investigation has attained. 

Accompanying this report are 183 tables, 150 of them giving data of 
ice closings for dili'erent places, 26 giving the oiiicial closing and open- 
ing of canals, and 7 uncompleted tables for ditt'erent points. 

The authority from w^hom the data were obtained is noted under each 
table along with other items of interest. 

The latitude north and longitude west with the altitude as far as 
obtainable are found at the top. 

The tables give the year and date of the opening and closing, and at 
the foot the average date of opening and average date of closing and 
average number of days closed. 

Dates found inclosed in parentheses are interpolated, and are found 
as follows: An arbitrary is obtained by comparing the dates for iden- 
tical years in some other table of near latitude, and this is applied with 
its proper algebraic sign, and the new date thus obtained is inserted in 
the blank space. The method in detail is as follows: 

Compare dates in uncompleted table with dates of completed table, 
selected as the basis for same period. Note the difference, with its 
proper algebraic sign, between dates, continue this process over as long 
a period as possible, using only one column at a time; combine these 
differences algebraically and divide the result by the number of years 
used. The quotient, with its proper algebraic sign, is the arbitrary to 
apply to the dates in the basis table to obtain the dates to be inter- 
polated. 

These interpolated dates are used in obtaining the average closing 
and opening and average number of days closed for equivalent periods. 

The average dates of opening and closing, and the average number 
of days closed, are given at the foot of the table for as long a period 
as the tables will permit. 

The larger proportion of the tables are actual ice record, some of the 
remainder are first and last vessel, and others official opening and 
closing. These differences are clearly noted on the diagrams accom- 
panying this report. 

A general index table arranged in alphabetical order accompanies 
this report. This is a summary of the data, and gives the number of 
the tables, the latitude north, longitude west, and the altitude as far 
as obtainable, the average date of closing, the average date of opening, 
the character of data, the number of years used for securing averages, 
and the average number of days closed. There is also added the twenty 
years' period from the winter of 1876-77 to the winter of 1895-96, 
inclusive, showing average closing, the average opening, and the 
average number of days closed. In this table will also be found mis- 
cellaneous notes giving name of place, the latitude north, the longitude 
west, the altitude as far. as obtainable, the estimated closing, the 
estimated opening, the estimated number of days closed, and the 
authority. 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 195 

DIAGRAM SHEETS. 

In connection with this report are submitted five sheets of diagrams 
marked " ice season," and numbered from 1 to 5, inclusive. These 
cover in detail only such portions of the data as pertains to points 
about the Great Lakes, the St. Lawrence and Hudson rivers, and to 
various routes under consideration. 

No. 1 exhibits in the first column the average dates of closing and 
opening (twenty years period) and diagrams of the ice season at points 
which govern the routes designated. 

The second column contains the diagrams of the average number of 
days closed at the different places specified during the period from the 
winter of 1876-77 to the winter of 1895-96, inclusive. 

The third column contains diagrams of the average number of days 
closed at different points on the rivers for the same period. 

The fourth column contains diagrams of the '* canal closing season'' 
covering the periods given in the tal)les. In this column will also be 
found miscellaneous notes giving diagrams of the estimated number of 
days closed of several points not tabulated. 

On account of the short time available, estimated data only could be 
obtained at some remote points, and at others parties are still endeavor- 
ing to obtain the data. 

No. 2 displays detailed diagrams of the data obtained and exhibited 
in the tables and the diagram of the average number of days closed 
for the period mentioned. These diagrams apply to places on or near 
Lake Huron, Lake Michigan, and Lake Superior. 

No. 3 displays detailed diagrams of the data obtained and exhibited 
in the tables and the diagram of the average number of days closed 
for the period mentioned. These diagrams apply to places on or near 
Lake Erie and Lake St. Clair. 

No. 4 displays detailed diagrams of the data obtained and exhibited 
in the tables, and the diagram of the average number of days closed 
for the period mentioned. These diagrams apply to places on and near 
Lake Ontario and Lake Oneida. 

No. 5 displays detailed diagrams of the data obtained and exhibited 
in the tables, and the diagram of the average number of days closed 
for the period mentioned. These diagrams apply to places on or near 
to Ijake Ohamplain, St. Lawrence, Hudson, Connecticut, andMerrimac 
rivers. In completing diagrams the same method of finishing ends is 
adopted as used on Sheet No. 1, with this exception — one end being 
discontinued with considerable slant, indicates that the data for that 
end could not as yet be obtained. Where years are left entirely blank, 
no dates could be obtained. 

Space has been left at the top so that diagrams of the remaining 
years of the century may be added. As most of the data of the ice 
season submitted is the original compilation, and the time allowed for 
the investigation was limited, a thorough checking could not be made, 
and dates subsequently gathered upon more extensive research may 
canse slight changes. 

Much new data nmy be added which will be of great interest and 
frora which more reliable conclusions could be obtained, and some 
valuable laws may, without doubt, be deduced. 

Respectfully submitted. 

Charles Poore, C. E., 

Assistant. 

Mr. L. E. CooLEY, C. E., 

Engineer United States Deep Waterways Commission, 
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ADDENDA. 



Since completing this report additional data have been received, and 
they have been compiled in tables marked and numbered A No. 1 to 
A No. 5, inclusive; also two tables added to the miscellaneous list, 
marked and numbered M No. 8 and M No. 9. 

Charles Poore, 0. B. 



THE ICE SEASON. 

No. l.-AMOSKEAG (N. H.) GATEHOUSE, MERRIMAC RIVER. 
[42° 59' latitude north. 71° 29' longitude west.] 



Tear. 



Opened. I Closed. 



Tear. 



1878 Mar. 11 

1879. # Apr. 9 

1880 j Mar. 5 

1881 1 Mar. 23 



1882. 
1883. 
1884. 
1885. 



Mar. 22 
Apr. 13 
Mar. 28 
Apr. 11 
1886 Mar. 31 



Dec. 8 
Dec. 18 
Nov. 22 
Nov. 26 
Nov. 23 
Dec. 3 
Nov. 21 
Nov. 27 
Nov. 29 



'I 



1887. 
1888. 
1888. 
1889. 
1889. 
1890. 
1891. 
1891. 
1892. 



Opened. ' Closed. 



:} 



Apr. 10 
Apr. 7 
Doc. 19 
Mar. 11 



Mar. 24 
Mar. 20 
Dec. 28 



Dec. 


2 


Nov. 


20 


Feb. 


2 


Dec. 


5 


Nov. 


24 


Dec. 


1 



Jan. 6 



Tear. 



Opened. Closed. 



1892. 

1893. 
18.)4. 
1895. 
1896. 



Jan. 


15 


Jan. 


19 


Mar. 


29 


Mar. 


14 


Mar. 


6 


Apr. 


5 


Mar. 


2 



Jan. 17 

Jan. 26 

Dec. 21 

Nov. 27 

Nov. 27 

Dec. 13 



Average date of opening, March 19; average date of closing. November 28; average number of days 
closed, 111. 
Authority: Mr. William E. Stearns. 
NoTB. — Compared with Hartford, Conn., for interpolation for twenty years' period. 

No. 2— ALBANY, N. Y.— HUDSON RIVER. 
[42© 39' latitude north. Altitude, 1.30 feet. 73© 45' longitude west.] 



Year. 



Opened. 



1645. 
1646. 
1676 
1786. 

1790. 



Feb. 26 
Mar. 23 

Mar. 27 

Mar. 17 



1791 

1792 

1793 •.. 

1794 \; Mar. 17 

1795 

1795 



Mar. 6 



1796. 



;} 



1797 

1798 

1799 

1800 

1800 

1801 

1801 \\ Feb. 28 

1802... / 

1802 i 

1803 V 

1804 / 

1804 1 Apr. 6 

1805 V 

1806 /i 

1806 Feb. 20 

1807 V ^Pr. 8 

1808 

1808..... 

1809 

1810 

1810 

1811 

1812 

1813 

1814 

1815 

1816 

1817 



Mar. 10 



Mar. 12 



Closed. 



Nov. 
Nov. 



24 
25 



/Feb. 
\Dec. 
...do 

Dec. 

Dec. 



3 
8 

12 
26 



Jan. 12 



/Jan. 
\Nov. 

Nov. 

Nov. 



23 ! 
28 
26 
23 



Jan. 
Jan. 



6 
3 



Feb. 
Dec. 



3 
16 



Year. ! Opened, i Closed. 



Jan. 
Dec. 



12 
13 ,, 



Jan. 
Dec. 



9 
11 



Jan. 
Dec. 



t^l 



Jan. 
Deo. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



19 
14 
20 
21 
22 
10 

2 
16 

7 



1818... 

1819.... 

1820..., 

1821.... 

1822. . . 

1823... 

1824... 

1825.... 

1825.... 

1826.... 

1827.... 

1828.... 

1829.... 

1830..., 

1830.... 

1831... 

1832.... 

1833.... 

1834.... 

1835..., 

1836.... 

1837... 

1838... 

1839.... 

1840.... 

1841.... 

1842... 

1843.... 

1844..., 

1845.... 

1846.... 

1847... 

1848.... 

1849. . . 

1850... 

1851... 

1852.... 

1853.... 

1854.... 

1855... 

1856..., 

1857... 



■}' 



Mar. 25 

Apr. 3 

Mar. 25 

Mar. 15 
...do.... 

Mar. 24 

Mar. 3 



Year. 



Dec. 14 I 

Dec. 13 I 

, Nov. 3 !' 

Dec. 13 
i Dec. 24 
I Dec. 16 



Mar. 6 
Feb. 26 
Mar. 20 
Feb. 8 
Apr. 1 



Mar. 15 
...do... 
Mar. 25 
Mar. 21 
F^'b. 21 
Mar. 25 
Apr. 4 
Mar. 28 
Mar. 19 
Mar. 21 
Feb. 21 
Mar. 24 
Feb. 4 
Apr. 13 
Mar. 14 
Feb. 24 
Mar. 15 
Apr. 6 
Mar. 22 
Mar. 19 
Mar. 9 
Feb. 25 
Mar. 28 
Mar. 21 
Mar. 17 
Mar. 20 
Apr. 10 
Feb. 27 



Jan. 


5 


Dec. 


13 


Dec. 


24 


Dec. 


25 


Dec. 


23 


Jan. 


11 


Dec. 


23 


Dec. 


5 


Dec. 


21 


Dec. 


13 



I Dec. 15 

, Nov. 30 

' Dec. 7 

; Dec. 13 

Nov. 25 

I Deo. 18 

; Dec. 5 

Dec. 19 

Nov. 29 

1 Dec. 9 

Dec. 11 

Dec. 4 

I Dec. 15 

I Dec. 24 

; Dec. 27 

I Deo. 25 

Dec. 17 

i Dec. 13 

' Dec. 22 

! Dec. 21 

Dec. 8 

I Dec. 20 

I Dec. 16 

Dec. 27 



1858 

1859 

1860 

1861 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876.. 

1877 

1878 

1879 

1880 

1881 \ 

1882 / 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 



Opened, i Closed. 



Mar. 20 

Mar. 13 

Mar. 6 

Mar. 5 

Apr. 4 

Apr. 3 

Mar. 11 

Mar. 22 

Mar. 20 

Mar. 26 

Mar. 24 

Apr. 5 

Mar. 31 

Mar. 13 

Apr. 8 

Apr. 1^ 

Mar. 21 

Apr. 8 

Apr. 1 

Mar. 26 

Mar. 7 

Mar. 29 

Mar. 1 

Mar. 16 



Dec. 


18 


J-^vC* 


10 


Dec. 


14 


Dec. 


23 


Dec. 


19 


Dec. 


11 


Dec. 


12 


Dec. 


16 


Dec. 


.15 


Dec. 


8 


Dec. 


5 


Dec. 


9 


Dec. 


17 


Nov. 


29 


Dec. 


10 


Nov. 


26 


Dec. 


15 


Dec. 


I 


Dec. 


10 


Dec. 


29 


Dec. 


21 


Dec. 


21 


Dec. 


21 



Mar. 5 
Mar. 31 
Mar. 25 
Apr. 8 
Mar. 27 
Apr. 6 
Apr. 3 
Mar. 19 
Open . . . 
Mar. 25 
Apr. 28 
Mar. 31 
Mar. 17 
Apr. 5 
Apr. 7 



Jan. 
i Dec. 
i Dec. 

Dec. 19 

Dec. 18 

Dec. 6 
, Dec. 23 
I Dec. 12 

Open 

Dec. 

Dec. 20 

Dec. 25 

Dec. 

Dec. 

Dec. 



5 

4 

J6 



8 



11 

24 

9 



Average date of opening, March 20; average date of closing, December 15; average number of days 
closed, 95. 

Authorities: New York Meteorology, 1850-1863, second series, by F. B. Hough; Mr. Horace 
Andrews, C. E. ; Reports of Chief Signal Officer, United States Weather Bureau. 
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No. 3.— ALPENA, MICH. 
[45° 05' latitude north. Altitnde, 570.6 feet. 83° 30' longitude vast.] 



Year. 



M71 Mar. 17 

1872 Apr. 17 

1873 Apr. 30 

1874 Mar. 20 

1875 Apr. 196 

1876 Apr. 19 

1877 \ Apr. 216 

1878 /I 

1878 i Mar. 10 

1879 , Apr. 56 



Opened. 



Closed. 



Dec. 10 
Dec. 11 
Dec. 5 
Dec. 8a 
Dec. 14 
Dec. 9a 



Year. 



Jan. 5 
Dec. la 
Dec. 12 



1880. 
1881. 
1882. 
1882. 
1883. 
1884. 
1885. 
1886. 
1886. 
1887. 



Opened. 



Mar. 6 
Apr. 29 



Mar. 6 
Apr. 19 
Apr. 11 
Apr. 26 



Apr. 15 
Apr. 18 



Closed. 



Dec. 


12 


Jan. 


1 


Dec. 


10 


Dec. 


19 


Dec. 


17 



Jan. 8 
Dec. 16 
Dec. 23 



Year. 



1888. 
1889. 
1890. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



Apr. 29 
Apr. 5 



Mar. 31 
Mar. 28 
Apr. 66 
Apr. 26 
Mar. 13 
Apr. 116 
Apr. 96 



Closed. 



Dec. 20 



Jan. 16 
Dec. 8 
Dec. 22a 
Dec. Ua 
Dec. 3 
Dec. 4a 
Dec. 7a 



a Last boat. 



6 First boat. 



Average date of opening, April 6; average date of closing, December 19; average number of. days 
closed, 108. 
Authorities: United States Weather Bureau, 1896; Mr. J. C. Viall, Alpena Argus. 

No. 4.— ASHLAND, WIS. 
[460 36' latitude north. Altitude, 600.69 feet. 90° 53' longitude west.] 



Year. 




1882. 
1883. 



(Apr. 16) 
(Apr. 10) 

1884 |(May 2) 

1885 1 Apr. 27 

1886 ! Apr. 22 



Closed. 



(Dec. 21) 

(Dec. 15) 

(Dec. 16) 

Dec. 5 

Nov. 30 



Year. 



1887 
1888 
1889 
1890 
1891 



Opened. 


Closed. 


May 5 
May 1 
Apr. 12 
Apr. 18 
May 15 


Nov. 29 
Dec. 13 
Dec. 5 
Dec. 2 
Dec. 10 



Year. 



1892 
1893 
1894 
1895 
1896 



Oi>ened. 



Apr. 22 
May 9 
Apr. 23 
Apr. 12 
Apr. 24 



Closed. 



Nov. 23 

Noy^. 26 

Dec. 1 

Dec. 1 



Average date of opening, April 25; average date of closing, December I; average number of days 
closed, 145. 
Authori^: Mr. J. T. Kingston, jr.. postmaster, 1896. 
Note. — Compared with Duluth for iuterpolatlon for twenty years' period. 

No. 5.— BELLE ISLE LiaHT-HOUSE, DETROIT RIVER, MICHIGAN. 

[42P 20' latitude north. 82<^ 58' longitude west.] 



Year. 



1882. 
1883. 
1884. 
1885. 
1886. 



Opened. 


Closed. I 


May 15 
Apr. 16 
Mar. 30 
Apr. 20 
Mar. 28 


Dec. 11 
Dec. 21 
Dec. 19 
Dec. 31 1 
Dec. 15 



Year. 



1887. 
1888. 
1889. 
1890. 



Opened. Closed. 



Apr. 3 j Dec. 22 
Apr. 4 I Dec. 22 
Mar. 25 i Deo. 31 



Mar. 22 
1891 1 Apr. 22 



Dec. 15 
Dec. 14 



Year. I Opened. 



1892. 
1893. 
1894. 
1895. 
1896. 



Apr. 4 
Apr. 5 
Mar. 14 
Apr. 6 
Apr. 4 



.Closed. 



Dec. 
Dec. 
Dec. 
Deo. 



25 
17 
29 
20 



Average date of opening, April 3; average date of closing, December 20; average number of days 
closed, 104. 
Authority: Commander William Folger, U. S. N., Eleventh light-house district. 
Note.— Compared with Windmill Point light-house for interpolation for twenty years' period. 

No. 6.— BELLEVILLE, ONTARIO. 
[44° 10' latitude north. Altitude, 244.53 feet. 77° 23' longitude west.] 



Year. 



1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 



Opened. 


Closed. 




Nov . 28 
Nov. 28 


Apr. 18 


Apr. 16 


Nov. 20 


Apr. 4 


Nov. 29 


Apr. 12 


Nov. 28 


Apr. 18 


Dec. 1 


Apr. 6 


Dec. 31 


Mar. 11 


Dec. 7 


Apr. 17 


Dec. 14 



Year. 



1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 



Opened. ' Closed. 



Mar. 20 
Apr. 9 
Mar. 10 
Apr. 26 
Apr. 19 
Apr. 19 
Apr. 19 
Apr. 25 
Apr. 23 



Nov. 22 
Dec. 10 
Dec. 2 
Dec. 14 
Dec. 12 
Dec. 5 
Nov. 30 
Nov. 30 
Nov. 25 



Year. 



1889. 

I 1890. 

I 1891. 

i 1892. 

! 1893. 

I 1894. 

i 1895. 

I 1896. 



Opened. 


Apr. 


13 


Apr. 


12 


Apr. 


17 


Apr. 


13 


Apr. 


23 


Apr. 


2 


Apr. 


23 


Apr. 


20 



Closed. 



Nov. 30 

Nov. 13 

Nov. 28 

Nov. 28 

Nov. 18 

Nov. 28 

Dec. 1 



Average date of opening, April 12; average date of closing, December 2: average number of days 
closed, 131. 

Authorities : General Report Public Works, Canada, 1867-1882. Annual Reports of the Department 
of Railways and Canals, Dominion of Canada, 1883-1889. Department of Public Works, Dominion of 
Canada, 1890. 
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No. 7.— BISMARCK, N. DAK. 
[460 47' latltade nortb. Altitude, 1,618 feet. IWP 38' lonsitnde west.] 



Year. 



1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 



Opened. 


Closed. 


Apr. 3 
Apr. 15 




Dec. 11 


Mar. 17 


Dec. 5 


Apr. 13 
Mar. 25 


Nov. 17 


Nov. 19 


Mar. 25 


Nov. 16 


Mar. 30 


Nov. 29 


Mar. 16 


Dec. 10 


Mar. 29 


Nov. 27 

1 



Tear. 



1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 



Opened. 


Closed. 


Mar. 30 


Nov. 18 


Mar. 29 


Nov. 17 


Apr. 5 


Nov. 11 


Apr. 10 


Nov. 15 


Mar. 29 


Dec. 14 


Apr. 4 


Dec. 6 


Apr. 8 


Nov- 17 


Mar. 26 


Nov. 27 


Apr. 9 


Dec. 1 



Tear. 



1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


Mar. 


21 


Apr. 


4 


Apr. 


3 


Apr. 


4 


Apr. 
Mar. 


3 

26 


Mar. 


28 


Mar. 


29 



Closed. 



Nov. 16 

Deo. 8 

Nov. 14 

Nov. 21 

Nov. 23 

Dec. 23 

Dec. 1 



Average date of opening, March 31 ; average date of closing, November 25 ; average number of days 
closed, 126. 

Authorities: United States Weather Bureau, 1896; Missouri River Commission ('* Stages of the 
Missouri River," 1894). 

No. 8.— BRAINERD, MINN. 

[46<) 29' latitude north. Altitude, 1,150 feet. 94° 10' longitude west.] 



Year. 




1876 1 Nov. 17 

1877 

1878 

1879. 

1880 

1881 

1882 



Apr. 18 Nov. 18 
Apr. 20 I Nov. 16 
Apr. 19 ! Nov. 15 



Apr. 18 
Apr. 15 
Apr. 16 



Nov. 15 
Nov. 17 
Nov. 18 



1883 
1884 
1885 
1886 
1887 
1888 
1889 



Opened. 


Closed. 


Apr. 20 


Nov. 15 


Apr. 17 


Nov. 16 


Apr. 16 


Nov. 20 


Apr. 19 


Nov. 22 


Apr. 18 


Nov. 21 


Apr. 20 


Nov. 19 


Apr. 17 


Nov. 20 



Year. i Opened. Closed. 



1890 
1891 
1892 
1893 
1894 
1895 
1896 



Apr. 


15 


Apr. 


16 


Apr. 


17 


Apr. 


16 


Apr. 


15 


Apr. 


15 


Apr. 


14 



Nov. 20 

Nov. 21 

Nov. 22 

Nov. 23 

Nov. 24 

Nov. 26 



Average date of opening, April 17; average date of closing, November 20; average number of days 
closed, 149. 
Authority : Mr. R. K. Whlleley, C. E. 



No. 9.-BREWERT0N, N. Y.— ONEIDA LAKE. 
[430 14' latitude north. Altitude, 369 feet. 76° 11' longitude west.] 



Year. 



1874. 
1875. 
1876. 
1877. 
1878. 
1879. 

1880. 




Apr. 16 

Apr. 21 

Apr. 20 

Mar. 14 

Apr. 24 

Mar. 8 

Apr. 4 

1881 /i Apr. 22 

1882. 



{' 



Closed. 



Year. Opened. 



Nov. 


30 ! 


Nov. 


25 


Nov. 


30 


Dec. 


31 


Dec. 


15 


Dec. 


17 


Mar. 


10 


Nov. 


21 


Jan. 


1 



1882 Mar. 19 

1883 Apr. 20 

1884 Apr. 3 

1885 Apr. 25 

1886 Apr. 1 

1887 Apr. 24 

1888 Apr. 18 

f Apr. 12 

1889 \ Dec. 8 

{ Dec. 31 



Closed. 



Dec. 2 
Dec. 17 
Deo. 17 
Dec. 7 
Dec. 2 
Dec. 23 
Dec. 17 
Deo. 4 
Dec. 30 



li 



Year. 



1890. 



1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 

• 




Jan. 


13 


Jan. 


21 


Feb. 


5 


Mar. 


26 


Apr. 


5 


Apr. 


6 


Apr. 


13 


Mar. 


19 


Apr. 


18 


Apr. 


19 



Closed. 



Jan. 11 

Jan. 17 

Jan. 28 

Feb. 7 

Dec. 4 

Deo. 17 

Dec. 17 

Dec. 3 

Dec. 26 

Dec. 2^ 



Average date of opening, April 9; average date of closing, December 13; average number of daiys 
closed, 117. 
Authorities: Mr. E. H. Emmons, Syracase, N. Y. ; Mr. Wm. Pierson Judson, C. E., Oswego, N. Y. 
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No. 10.— BUFFALO, N. Y.— LAKE ERIE. 
[42° 53' latitude north. Altitude, 541 feet. 78? 53' longitude west.] 



Year. 



1807. 
1«08. 
1809. 
1810. 
1811. 
1812. 
1813. 
1814. 
1815. 
1816. 
1817. 
1818. 
1819. 
1820. 
1821. 
1822. 
1823. 
1824. 
1825. 
1826. 
1827. 
1828. 
1829. 
1830. 
1831. 
1832. 
1833. 
1834. 
1835. 
1836. 



Opened. Closed 
June la 



May 26 i 

Apr. 30 \ 
J une 4 a 



Apr. 19 



May 16 
Apr. 29 
Apr. 21 
May 6 
May 1 
May 13 
Apr. 15 
May 3 
Apr. 28 
Mar. 12 
May 23 
Apr. 21 
Apr. 1 
Mav 8 
Apr. 11 
May 8 
Apr. 28 
Apr. 24 
Apr. 6 
May 8 
Apr. 27 



Year. 



1837 
1838 
183tf 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 



Opened. 



Closed. 






May 
Mar. 
Apr. 
Apr. 
Apr. 
Mar. 
May 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Mar. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
May 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 



31 

11 

24 

14 

7 

6 

8 

3 

4 

23 

9 

25 

25 

2 

20 

14 

29 

21 

2 

27 

15 

rr 
I 

17 
13 
15 
3 
13 
26 
28 



Year. Opened. Closed. 



I 

I 1867. 
I 1868. 
I 1869. 
, 1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 
j 1881. 
' 1882. 
I 1883. 
i 1884. 
I 1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 



Apr. 
Apr. 
May 
Apr. 
Apr. 
May 
Apr. 
Apr. 
May 
May 
Apr. 
Mar. 
Apr. 
Mar. 
May 
Mar. 
Apr. 
Apr. 
May 
Apr. 
Apr. 
Apr. 
Apr. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 



21 
19 

2 i 

16 

1 Dec. 

ba\ Dec. 



27 
18 

28 
5 



29 Nov 

18 Dec. 
]2ai Dec. 11 
10a Dec. 17 
20 Dec. 13 

16 , Dec. 7 

24 I Dec. 14 

19 Dec. 8 
la Dec. 30 

26 ! Dec. 1 

25 ; Dec. 7 
22 I Dec. 6 

2a JTov. 9 

15 I Deo. 7 

17 I Dec 14 



28 Dec. 
12 I Deo. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 



31 

7 

15 

15 

1 

16 
19 



6 
14 

28 
14 
24 
16 
25 
21 



a First vessel arrives. 

Average date of opening, April 9; average date of closing, December 12; average number of days 
closed, 118. 

Authorities: Fifth Annual Report of the State Weather Bureau (N. Y.), 1894; Monthly Weather 
Review, 1875-1896; Mr. William Thurstone. 

No. 11.— CAIRO, ILL.— MISSISSIPPI RIVER. 
[37° 00' latitude north. Altitude, 279 feet. 89° 10' longitude west.] 



Year. 


Opened. 


Closed. 

1 

Dec. 1 
Open. 


Year. 


Opened. 


1 
Closed. : 

1 


Year. 


Opened. 


Cloeed. 


1874 


• ^ 


1882 OT>en. 


Dec. 9 
Dec. 20 
Dec. 18 
Dec. 7 
Dfift. 1 


1890 

1891 

1892 

1893 

1894 

1895 

1896 


Open. 

Open. 

Open. 

Open. 

Open. 

Feb. 23 

Open. 


Open. 
Open. 
Oi>en. 
Open. 
Dec. 29 


1875 


Feb. 24 
Open. 


1883 

ISfti 


Feb. 13 
Feb. 4 
Feb. 4 
Feb. 17 


1876 


1877 


Feb. 4 1 Open. ; 1885. 

Open. 1 Dec. 23 1886 

Jan. 30 ' Dec. 18 1 18R7 


1878 


1879 


Feb. 8 Dec. 29 1 
Jan. 2 ' OnfiTi. i 


Open. 


1880 


Jan. 3 Dec. 27 ; 
Feb. 25 Ouen. 


1888 

1«8fl 


1881 


Open. 


Open. 






II 





 Average date of opening, February 5; average date of closing, January 9; average number of days 
closed, 27. 
Authorities: United States Weather Bureau, 1896: Col. William Halliday. 

No. 12.— CAIRO, ILL.— OHIO RIVER. 
[37° 00' latitude north. Altitude, 279 feet. 89° 10' longitude west.] 



Year. 



1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 



Opened. 



Feb. 22 

Open 

Jan. 20 

Open 

Jan. 26 
Open — 
Jan. 19 



Closed. 



Feb. 15 
Dec. 31 

Open 

Dec. 25 

Open 

Dec. 29 
Open — 



Year. 



1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 



Opened. 


Closed. 


Open 


Open 


Open 


Open 


Open 


Open 


Open 


Dec. 9 


Jan. 19 


Open 


Open 


Open 


Open 


Oi)en 


Open 


Open 



Year. 



1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Open 

Open.... 

Open 

Open 

Open 

Feb. 22 
Open 



Closed. 



Oi>eu. 

Open. 

Open. 

Open. 

Dec. 30. 

Open. 



Average date of opening, February 3; average date of closing, January 26; average number of 
dftvfl closed d 
Authorities: United States Weather Bureau, 1896; Col. William Halliday. 
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No. 13.— CAMPBELLTON, NEW BRUNSWICK. 
[48° 01' latitude north. 66^ 40' longitude west.] 



Tear. 



1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 



Opened. 



Closed. 



May 4 
Apr. 29 
Apr. 30 1 Dec. 
Apr. 10 
May 8 
May n 
Apr. 24 
Apr. 21 
Apr. 29 



1 
Dec. 3 
Nov. 25 
Dec. 10 
Dec. 10 
Dec. 21 
Dec. 19 



Tear. 



1880 
1881 
1882 
}883 
1884 
1885 
1886 
1887 
1888 



Opened. 



May 6 
;May 4 
May 11 
May 9 
Apr. 27 
May 6 
May 26 
May 6 
May 8 



Closed. 



Nov. 23 
Deo. 10 
Dec. I 
Deo. 4 
Dec. 12 
Dec. 10 
Deo. 4 
Dec. 1 
Nov. 18 



Tear. 



1889. 
1890. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



:} 



Opened. 



Apr. 25 
May 6 



Apr. 23 
Apr. 27 
Apr. 8 
Apr. 27 
Apr. 27 
May 1 



Closed. 



Nov. 


26 


Dec. 


1 


Jan. 


12 


Dec. 


24 


Dec. 


2 


Nov. 


19 


Nov. 


23 



Average date of opening, May 1; average date of closing, December 6; average number of days- 
closed, 146. 

Authority: Department of Puolic Works, Dominion of Canada, 1896. 

No. 14— CAPE VINCENT, N .Y. 
[43° 51' latitude north. Altitude, 244.53 feet. 76^ 19' longitude west.] 



Xear. 



Opened. 



Apr. 23 



1876 

1876 

1877 /! Apr. 6 

1878 i Mar. 9 

1879 ; Apr. 19 



1880. 

1881. 
1882. 



:} 



Apr. l| 
Apr. 13 



Closed. 



Jan. 


1 


Dec. 


21 


Jan. 


1 


Jan. 


1 


Jan. 


1 


Dec. 


29 



Jan. 6 



Year. 



I 1882. 
i 1883. 
I 1883. 
I 1884. 

1885. 
1 1886. 
I 1887. 

1888. 



Opened. 



Mar. 19 



Apr. 20 
Apr. 12 
May 1 
Apr. 12 
Apr. 17 
Apr. 24 



Closed. 


Jan. 


1 


Dec. 


25 


Dec. 


25 


Dec. 


28 


Dec. 


28 


Dec. 


26 


Dec. 


27 



Year. 



1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Mar. 28 

Mar. 31 

Apr. 4 

Apr. 4 

Apr. 12 

Apr. 7 

Apr. 20 

Apr. 21 



Closed. 



Dec. 27 
Dec. 21 



Dec. 
Dec. 
Dec. 



20 
20 
16 



Dec. 17 
Dec. 19 



Average date of opening, April 10; average date of closing, December 20; average number of days 
closed, 111. 

Authority: Rev. S. W. Strowger, rector St. John's Church, Cape Vincent. 

No. 15.— CAZENOVIA, N. Y— LAKE OWAHGENA. 
[420 56/ latitude north. Altitude, 1,177 feet. 75° 54' longitude west.] 



Tear. 



1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 

1848. 

1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 



■{ 



Opened. 



Apr. 
Apr. 



Apr. 
Apr. 
Ayr. 
Apr. 
Mar. 
Apr. 
Apr. 
Mar. 
Apr. 
Apr. 
Jan. 
Apr. 
Apr. 
Apr. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 



12 
21 



12 
11 

8 

25 
21 
26 
12 
31 

8 
26 

1 

4 
•5 
22 



26 



Closed. 



Dec. 7 
Dec. 15 
Nov. 30 
Dec. 5 



Nov. 30 
Dec. 7 
Dec. 16 
Dec. 21 
Jan. 7 
Dec. 27 
Dec. 24 
Dec. 14 
30 I Dec. 12 
20 ' Dec. 22 
17 ' Dec. 20 
8 Dec. 8 
24 Dec. 12 



Dec. 8 



Year. 



1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 



Opened. 



a Apr. 9 
Apr. 3 
Mar. 20 
Mar. 27 
Apr. 10 
Apr. 22 
Apr. 23 
Apr. 17 
Mar. 29 
Apr. 11 
Apr. 15 
Apr. 3 
Apr. 20 
Apr. 16 
Mar. 11 
Apr. 24 
Apr. 30 
Apr. 21 
Apr. 14 
Apr. 18 
Apr. 24 
Mar. 16 
Apr. 27 



Closed. 



Dec. 13 
Dec. 11 
Dec. 11 
Dec. 10 
Dec. 25 
Dec. 7 
Dec. 11 
Dec. 13 
Dec. 16 
Dec. 15 
Dec. 10 
Dec. 10 
b Nov. 16 
Dec. 17 
Dec. 1 
Dec. 5 
Nov. 27 
Dec. 5 
Nov, 30 
Dec. 4 
Dec. 29 
Dec. 17 
Dec. 18 



Year. 



1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 

1890- 

1891. 

1892. 
1893. 
1894. 
1895. 
1895. 
1896. 
1896. 



■{ 



Opened. 



Apr. 4 
Apr. 24 
Mar. 3 
Apr. 18 
Apr. 3 
Apr. 25 
Mar. 31 
Apr. 23 
Apr. 14 
Apr. 16 



Apr. 10 

Dec. 22 

Apr. 5 

Apr. 12 
Mar. 18 

Apr. 21 

Dec. 21 



Apr. 16 



Closed. 



Nov. 24 

Dec. 11 

Deo. 5 

Deo. 15 

Dec. 17 
Dec. 
Dec. 

Dec. 23 

Dec. 14 



Jan. 



16 
4 



Jan. 17 

Dec. 7 

Dec. 19 

Dec. 31 
Dec. 
Dec. 

Dec. 23 

Dec. 9 



18 
5 



a " Lake open almost entirely in February." 

6 " In winter of 1869-70 there was a large open space near Beckwiths Bay and Everereen Point until 
February, and the cause is a mystery, as the ice at the south and north ends of the lake was firm 
enough to be driven upon." 

Average date of opening, April 12; average date of closing, December 13; average number of days 
closed, 120. 

AuthoritieB : Mr. L. W. Ledyard, Mr. W. S. Smyth, Mr. Charles Stebbins. 
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No. 16.-0HARITY ISLAND LIGHT-HOUSE, SAGINAW BAY, MICHIGAN. 

[U° 02' latitude north. 83° 26' longitude west.] 



Year. 


Opened. 


Closed. 


Tear. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


1874 


Mar. 20 
Apr. 21 
Apr. 15 
Apr. 23 
Mar. 14 
Apr. 7 
Mar. 25 
Apr. 26 


Nov. 29 
Dec. 19 
Nov. 29 
Dec. 28 
Deo. 7 
Dec. 19 
Dec. 9 
Dec. 31 


1882 

, 1883 

1884 

1885 

1 1886 

I 1887 

1888 

, 1889 


Mar. 6 
Apr. 16 
Apr. 10 
Apr. 24 
Apr. 17 
Apr. 17 
Apr. 8 
Mar. 24 


Dec. 16 
Dec. 18 
Dec. 16 
Dec. 15 
Dec. 14 
Deo. 21 
Dec. 18 
Dec. 31 


1 1890 

1891 

1892 

1 1893 

1894 

1895 

1896 


Mar. 16 
Apr. 9 
Apr. 6 
Apr. 8 
Mar. 17 
Apr. 9 
Apr. 3 


Dec. 24 


1875 


Dec. 23 


1876 


Dec 23 


1877 


Dec. 28 


1878 


Dec. 23 


1879 


Dec. 31 


1880 




1881 









Average date of opening, April 6; average date of closing, December 17; average number of days 
dosed, 110. 
Authority : Commander William Folger, U. S. N., Eleventh light-house district. 

No. 17.— CHARLESTON, W. VA.— GREAT KANAWHA RIVER. 
[38<^ 21' latitude north. Altitude, 619 feet. 81° 35' longitude west.] 



Year. 



1873 

1874 

1875 { 

1876 

1877 

1878 

1879 

1880 

1881 

1882 



Opened. 



Open 


• 


Open 


• 


Jan. 


25 


Feb. 


20 


Dec. 


31 


Jan. 


13 


Dec. 


31 


Jan. 


17 


Dec. 


31 


Jan. 


7 


Open 


• 



Closed. 



Open. 
Open. 
Jan. 19 
Feb. 10 
Dec. 9 
Jan. 1 
Dec. 25 
Jan. 1 
Dec. 29 
Jan. 1 
Open. 



Tear. 



1883 

1884 

1885 / 

1886 1 

1887 

1888 { 

1889 



Opened. 



Open, 

Open, 

Jan. 

Feb. 

Jan. 

Feb. 

Dec. 

Dec. 

Jan. 

Jan. 

Open, 



30 
28 
25 
10 
13 
31 
5 
30 



Closed. 


Open 


• 


Open 


• 


Jan. 


29 


Feb. 


17 


Jan. 


11 


Feb. 


4 


Dec. 


7 


Dec. 


30 


Jan. 


1 


Jan. 


28 


Open 


 



Tear. 



1890 

1891 

1892 

1893 

1894 

1895 

1896 1 



Opened. 



Closed. 



Open. 


Ox>en. 


Open. 


Open. 


Dec. 31 


Dec. 26 


Jan. 30 


Jan. 1 


Open. 


Open. 


Jan. 5 


Jan. 1 


Jan. 12 


Jan. 6 


Feb. 25 


Feb. 20 



Average date of opening, January 28; average date of closing, January 20 ; average number of days 
closed, 8. 
Authority: Mr. Addison M. Scott, resident United States engineer. 



No. 18.— CHARLOTTETOWN, PRINCE EDWARD ISLAND. 
L460 14/ latitude north. 63° 07' longitude west.] 



Tear. 



Opened. 



1867. 
1868. 
1889. 
1870. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 



:} 



Apr. 16 
Apr. 24 
Apr. 15 



Apr. 5 

Mar. 20 

Apr. 20 

Apr. 22 

I Apr. 18 

I Apr. 5 

I Apr. 23 

1877 V Apr. 12 

1878 



:}: 



Closed. 



Dec. 7 
Dec. 10 



Jan. 10 
Dec. 23 
Nov. 30 
Dec. 20 
Dec. 11 
Dec. 19 
Nov. 29 
Dec. 15 

. — * 

Jan. 4 



Year. 



1878.. 
1879 . 
1880.. 
1881.. 
1882.. 
1883.". 
1884.. 
1885.. 
1886.. 
1886. . 
1887. . 
1888- . 
1889.. 



Opened. 



Apr. 8 
Apr. 24 
Apr. 28 
Apr. 19 
May 6 
Apr. 18 
Apr. 24 
Apr. 22 



Apr. 20 
Apr. 26 
Apr. 21 



Closed. 


Dec. 


30 


Dec. 


19 


Dec. 


1 


Dec. 


27 


Dec. 


29 


Dec. 


23 


Dec. 


20 


Jan. 


9 


Dec. 


29 


Dec. 


27 


Jan. 


12 



Year. 



1889. 
1890. 
1891. 
1892. 
1892. 
1893. 
1894. 
1895. 
1896. 
1896. 



;} 



Opened. 



Mar. 30 
Apr, 10 
Apr. 15 



Mar. 20 
Apr. 8 
Apr. 11 
Apr. 24 



Apr. 12 



Closed. 



Dec. 


31 


Dec. 


13 


Jan. 


25 


Dec 


24 


Dec. 


19 


Dec. 


24 



Jan. 27 



Average date of opening, April 15; average date of closing, December 23; average number of days 
closed, 113. 

Authorities : General report public works, Canada, 1867-1882 ; Annual Reports of Railways and 
Canals Department, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Canada, 1896. 
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No. 19.— CHEBOYGAN LIGHTHOUSE, MICHIGAN. 
[450 40' latitude north. Altitude, 579.60 feet. 84° 25' longitude west.] 



Year. 



Opened, j Closed. 



1880 

1881 1 Apr. 29 



1882. 
1883. 
1884. 
1885. 



Mar. 26 
Apr. 11 
Apr. 15 
Apr. 29 



Year. 

• 



Dec. 8 
Dec. 31 
Dec. 12 
Dec. 15 



1886. 
1887. 
1888. 
1889. 



Opened. 



Dec. 
Dec. 



Apr. 15 
Apr. 22 
Apr. 29 
Apr. 1 



8 II 1890 i Mar. 30 



9 i 1891. 



Apr. 13 



Closed. 



Dec. 13 
Dec. 19 
Dec. 18 
Dec. 31 
Dec. 15 
Dec. 16 



Year. 



1892. 
1893. 
1894. 
1895. 
1896. 



Opened. [ Closed. 



Apr. 3 Dec. 31 
Apr. 13 Dec. 17 
Mar. 17 ! Dec. 18 
Apr. 7 i Dec. 16 
Apr. 7 



Average date of opening, April 11; average date of closing, December 17: average number of days 
closed, 115. 

Authority : Commander William Folger, U. S. N., Eleventh light-house district. 
NoTB. — Compared with Alpena, Mich., for interpolation for twenty years' period. 

No. 20.-CHERRY ISLAND LIGHT-HOUSE. QUEBEC. 



Year. 



1862. 

1863. 

1864. 

1865. 

1866. 

1867. 

1868. 

1869 

1870. 

1871. 

1872. 

1873. 



Opened. 



Apr. 28 

Apr. 23 

Apr. 24 

Apr. 30 

Apr. 28 

Apr. 27 

May 5 

Apr. 27 
Apr. 19 

May 1 

Apr. 28 



Closed. 


Dec. 


2 


Dec. 


9 


Dec. 


9 


Dec. 


9 


Dec. 


9 


Nov. 


27 


Dec. 


2 


Nov. 


25 


Dec. 


9 


Nov. 


30 


Dec. 


2 


Nov. 


26 



Year. 



Opened. Closed. 



1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 



Apr. 
May 
May 
Apr. 
Apr. 
May 
Apr. 
Apr. 
Apr. 
May 
Apr. 
May 



6 



Dec. 1 




28 I Nov. 29 

3 I Nov. 27 

1 Dec. 4 

30 i Dec. 2 

17 I Dec. 3 

1 Nov. 30 

22 Nov. 25 

26 Nov. 27 

24 I Nov. 30 

1 I Nov. 30 

26 Nov. 29 



1886 

1887 

1888 

1889 

1890. ... 

1891 1 Apr. 28 

1892 ' Apr. 22 



1893. 
1894. 
1895. 
1896. 



I May 1 
May 4 
May 1 
Apr 22 
Apr. 17 



May 1 
Apr. 23 
Apr. 29 
May 1 



Closed. 



Dec. 2 

Nov. 30 

Nov. 25 

Nov. 30 

Nov. 30 

Deo. 1 

Dec. 3 

Dec. 4 

Nov. 30 

Nov. 30 



Average date of opening, April 27; average date of closing, November 30; average number of days 
closed, 148. 
Authority : Mr. F. Gonrdeau, deputy minister marine and fisheries, Dominion of Canada. 

No. 21.— CHICAGO. ILL. 
[111° 53' latitude north. Altitude, feet. 87° 37' longitude west.] 



Year. 



1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1858. 
1859. 
1860. 
1861. 
1862. 
18G3. 
1864. 



:} 



Opened. Closed. 



Open. 
May 12 



Open. 



Open. 



I Dec. 6 

Mar. 20 { Dec. 1 

Feb. 18 I 

i Feb. 15 

Mar. 15 1 Open. 
Open. ! Dec. 20 
Feb. 26 Dec. 3 

Mar. 1 I 

' Dec. 2 

Feb. 1 I 

Feb. 8 ' 



Open. 1 1 
Nov. 27 
Dec. 22 ' 



Year. 



1865. 
1866. 
1867. 
1868. 

1869. 

1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 



Opened. 



Mar. 17 



Mar. 4 
/.Tan. 10\ 
\Mar. 22/ 



(Mar.l8) 
(Mar. 9) 
Jan. 10 
Apr. 20 
Open. 
Mar. 20 
Open. 
(Feb. 1) 
Open. 
Apr. 2 
Open. 



Closed. 



Dec. 26 
Nov. 20 

Feb. 8 

Dec. 1 
Deo« 18 
Dec. 9 
Dec. 1 
Nov. 20 
Open. 
Nov. 26 
Open. 
Dec. 1 
Open. 
Nov. 14 
Open. 
(Nov.30) 



Year. 



1883. 
1884. 

1885. 

1886. 
1887. 
1888. 
1888. 
18H9. 
1890. 
1891. 
1892. 
1892. 
1893. 
1894. 
1894. 
1895. 
1896. 
1896. 



:} 



:} 



Opened. 



Feb. 13 
Feb. 16 

Feb. 17 

Mar. 21 
Feb. 9 



Feb. 18 
Open. 
Open. 
(Open.) 



(Jan. 27) 
(Feb. 28) 



Mar. 3 
Feb. 24 



Mar. 1 



Closed. 



(Dec. 19) 

(Dec. 12) 

/Jan. 15 

\Dec. 24 

Dec. 1 



Feb. 
Open. 
Open. 
(Open.) 



8 



Jan. 9 
Dec. 26 



Feb. 12 
Dec. 27 



Jan. 



Average date of opening, February 27; average date of closing, January 7; average number of days 
closed, 51. 

Authorities: Mr. Ossian Guthrie, Mr. John S. Sargent, Messrs. Piper & Co. 

Note. — Compared with Seneca, III., for interpolation for twenty years' period. The above dates 
are for ice closings on streams in the near vicinity of Chicago. 
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No. 22— CINCINNATI, OHIO. 
[39° 06' latitade north. Altitude, 431 feet. 84° 30' loDgitnde west.] 



Year. , Opened. 



Closed. 



1857. 
1858. 
1859. 
1860. 
1860. 
1861. 
1862. 
1863. 

1864. 

1865. 



. Open. 
-I Open. 
\ Open. 

Jan. 10 
Open. 
Open. 
Open. 
Jan. 2.5 
Feb. 23 
Feb. 6 



Open. 
Open. 



1866 1 Feb. 20 



1867. 
1868. 
1868. 

1868. 

1869. 
1870. 

1871. 



Feb. 5 



j Jan. 2 
Open. 
Open. 
I Open. 
I Open. 
! Jan. 4 
I Feb. 19 
i Jan. 30 
'/Feb. 15 
ADec. 30 



f' Jan. 23 
\ Feb. 15 
Open. 
Open. 
Jan. 14 
Dec. 24 
Dec. 31 



Jan. 19 
Jan. 31 

Open. 
Open. 
Dec. 24 
Dec. 19 
Dec. 28 



Year. 



I 1872. 

i 1873. 
, 1874. 
; 1875. 

1875. 
, 1876. 

1877. 

1878. 

1879. 

1880. 
, 1881. 

1882, 
' 1882. 

I 1882. 

i 1883. 
, 1884. 

! 1884. 



■{ 



Opened. 



Jan. 12 
Feb. 20 



Closed. 



Jan. 4 
Open. 



Jan. 30 
Open. 
Jan. 18 
Open. 
Jan. 15 
Open. 
Jan. 13 



Jan. 9 
Jan. 27 
Dec. 13 
Open. 



Tear. 



Jan. 12 
Open. 
Dec. 9 
Open. 
Dec. 25 
Open. 
Dec. 28 



Feb. 3 
Feb. 14 



Feb. 8 
Feb. 15 
Open. 



Jan. 31 
Dec. 29 



Open. 
Jan. 7 
Dec." 25 



1885. 



1886. 

1887. 
1887. 
1888. 

1888. 

1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1895. 
1893. 



Opened. 



Closed. 



Feb. 2 
Feb. 13 
Feb. 26 
Jan. 20 
Feb. 8 



Jan. 14 
Jan. 3 
Jan. 31 
Open. 
Open. 
Open. 
Open. 
Feb. 4 
Open. 



Feb. 23 
Open. 



cTan. 
Feb. 
Feb. 
J'an. 
Feb. 
Jan. 
Dec. 
J'an. 



27 
11 
20 
13 
5 
4 
29 
22 



Open. 

Oi>en. 

Open. 

Open. 

Dec. 23 

Open. 



Feb. 9 
Open. 



Average date of opening, January 25; average date of closing, January 15; average number of days 
closed, 10. 
Authorities : Reports of Cincinnati Chamber of Commerce, 1895. 

No. 23.— CLEVELAND, OHIO. 
[4]o 30' latitude north. Altitude, 571.35 feet. 81° 42' longitude west.] 



Year. 



1871. 
1872. 
1873. 
1874. 
1875. 
1875. 
1876. 
1877. 
1878. 
1879. 



Opened. 



Mar. 19 
Mar. 10 
Mar. 11 
Mar. 18 



Apr. 1 
Apr. 4 
Apr. 10 
Mar. 20 
Apr. 2 




Year. 



1880. 
i 1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887, 
1888. 
1889. 



Opened. I Closed. 



Year. 



Mar. 9 i Dec. 13 

Mar. 24 I Dec. 13 

Mar. 14 Dec. 11 

Mar. 7 i Dec. 20 

Mar. 27 | Dec. 15 

Mar. 17 i Dec. 28 ' 

Mar. 25 i Dec. 26 i 

Mar. 28 Dec. 15 
Mar. 28 I Dec. 8 
Apr. 1 Open. 



1890. 
1891. 
1892. 
1892. 
1893. 
1894. 
1895. 
1896. 



:} 



Opened. 



Open. 
Mar. 12 



Mar. 28 
Mar. 28 
Mar. 10 
Apr. 6 
Mar. 30 



Closed. 



Dec. 

Jan. 
Dec. 
Dec. 
Dec. 
Dec. 



7 
10 
14 
31 
27 



Average date of opening, March 23; average date of closing, December 23; average number of daj-s 
closed, 90. 
Anthority : United States Weather Bureau, 1896. 

No. 24.-^COLLINGWOOD, ONTARIO. 
[44° 31' latitude north. Altitude, 579.60 feet. 80° 02' longitude west.] 



Year. 



1867. 
1868. 
1869. 



Opened. 



Apr. 20 
Apr. 20 
Apr. 28 

1870 1 Apr. 22 

1871 1 Apr. 1 

1872 1 May 3 

1873 , May 7 

1874 May 9 

1875 1 May 9 

1876 , May 2 



Closed. 



Nov. 28 
Dec. 5 
Dec. 2 
Dec. 10 
Dec. 6 
Nov. 28 
Nov. 24 
Nov. 26 
Nov. 22 
Dec. 1 



Year. 



1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 



Opened. 



Apr. 20 
May 18 
May 2 
Apr. 14 
May 9 
Apr. 18 
Apr. 17 
Apr. 23 
May 7 
Apr. 24 



Closed. 



Dec. 8 , 
Nov. 27 
Dec. 9 
Dec. 2 
Nov. 29 ! 
Nov. 3 I 
Dec. 10 ' 
Dec. 31 I 
Nov. 24 
Dec. 3 , 



Year. 



1887 Apr. 20 



1888. 
1889. 
1890. 
1891. 



Opened. Closed. 



Apr. 30 
Apr. 22 
Apr. 18 
Apr. 15 

1892 1 Apr. 20 

1893 

1894 

1895 

1896 



Apr. 16 
Apr. 10 
Apr. 27 
Apr. 20 



Dec. 2 
Dec. 1 
Dec. 3 
Nov. 29 
Nov. 30 
Dec. 1 
Dec. 14 
Dec. 3 
Dec. 5 



Average date of opening, April 25; average date of closing, December 2; average number of days 
closed, 144. 
Authority: Department of Public Works, Dominion of Canada, 1896. 



E^EOJT OF U. 3, PEEP WATERWAYS COWMI38JON, 



No. a5.-C0NSX4NTIA, N. Y— OliTEIDA LA^B. 
[43(> 17' latitude north. Altitude, 360 feet. 76° 03' longitude west.] 



Tear. 



1845. 
1846. 
1847- 
1848. 
1840. 
1850. 
1851. 
1852. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 



:} 



Opened. 



Apr. 3 
Apr. 10 
Apr. 1 
Apr. 12 
Apr. 9 
Apr. 15 



Apr. 3 
Mar. 28 
Apr. 4 
Apr. 16 
Apr. 5 
Apr. 2 
Apr. 8 
Apr. 6 
Apr. 1 
Apr. 7 



Closed. 



Dec. 15 
Dec. 8 
Dec. 28 
Dec. 25 
Dec. 14 
Dec. 22 



Feb. 10 

Dec. 13 

Dec. 24 

Dec. 3 

Dec. 17 

Dec. 25 

Deo. 16 

Dec. s I 

Dec. 17 i 

Dec. 20 I 

Dec. 15 ; 



Tear, 



Opened. 



1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871, 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 



Apr. 
Apr. 
Apr. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Mar. 
Apr. 
Apr. 
Apr. 



Closed. 



a Dec. 4 

9 Dec. 20 

2 Dec. 13 

26 Dec. 5 
30 Dec. 11 
24 Dec. 25 

2 Dec. 10 

5 Dec. 25 
1 Dec. 16 

3 Dec. 2 
12 Dec. 24 

1 Dec. 3 

6 I Dec. 13 

2 I Dec. 24 

27 ! Dec. 15 

3 Dec. 19 
1 Dec. 3 

7 Dec. 25 




Opened. Closed. 



1 { Dec. 16 
25 Dec. 3 

2 [ Dec. 16 
6 Dec. 94 
2 I Dec. 6 

Doc. 7 

Deo. 13 

Deo. 85 

Dec. 13 
Dec 



3 
2 
1 
5 
3 
6 



25 I Deo. 
4 
2 



25 

Dec. 22 
16 



Dec. 11 

Deo. 24 

6 Deo. 17 

19 Deo. 28 

19 I 



Average date of opening, April, 6; average date of closing, December 16; average number of days 
closed, 110. 
Authority: Mr. "Wm. Pierson Judson, C. B., Oswego, N. Y. 

NO.26.-C0P0NANING, ONTARIO, FRENCH RIVER. 
[460 00' latitude north. Altitude, 579.60 feet. 90^ 45' longitude west.] 



Tear. 



1877 
1878 
1879 
1880 
1881 
1882 
1883 



Opened. 


May 


5 


Apr. 


7 


Apr. 


21 


Apr. 


28 


May 


5 


Apr. 


13 


May 


4 



Closed. 



Nov. 29 
Dec. 1 
Dec. 1 
Nov. 27 
Dec. 1 
Dec. 2 
Dec. 1 



Tear. 



Opened. 



1884 May 5 

1885 Mav 8 

1886 1 Apr. 24 

1887 ' Apr. 29 

1888 1 May 12 

1889 i Apr. 21 

1890 Apr. 18 



Closed. 


Dec. 


10 


Dec. 


6 


Dec. 


3 


Dec. 


1 


Dec. 


4 


Dec. 


4 


Dec. 


2 1 

1 
1 



Tear. 



Opened. , Closed. 



1891 
1892 
1893 
1894 
1895 
1896 



Apr. 18 ! I)ov. ao 
Apr. 16 I Dec. 3 
Apr. 24 I Dec. 2 
Apr. 18 ; Dec. '2 
A}»r. 24 Dec. 2 
Apr. 22 \ 



Average date of opening, April 25; average date of closing, December 3; average number of day® 
closed, 143. 
Authority: Mr. H. B. Elliott. 



No. 27.— DAVENPORT, IOWA. 
[41<3 30' latitude north. Altitude, 541 feet. 90° 38' longitude west.] 



Tear. 



1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
I87t. 



Opened. 


Closed. 


Feb. 25 


Dec. 


5 


Mar. 23 


Nov. 


29 1 


Mar. 15 


Dec. 


28 


Mar. 10 


Nov. 


30 


Apr. 2 


Nov. 


23 


Mar. 7 


P^. 


1 


Mar. 30 


Nov. 


30 


Mar. 9 


Dec. 
])ec. 


18 


Mar. 16 


M 



Tear. Opened. 



1880 Mar. 6 

1881 1 Apr. 16 

1882 1 Mar. 10 

1883 ' Mar. 27 

1884 Mar. 24 

1885 .i Mar. 31 

1886 ' Mar. 22 

18^7 j Mar. 14 

1888 \| Mar. 23 

1889 / 

i 



Closed. 


Nov. 


22 


Dec. 


29 


Nov. 


22 


Dec. 


2 


Nov. 


22 


Dec. 


5 


Nov. 


24 


Dec. 


21 1 


Jan. 


9 



Tear. 



1^9. 
1890. 
1890. 
1891. 
1891. 
1892. 
1893. 
]j894. 
1895. 



Opened. 



Mar. 14 
iiar. 22 



Mar. 25 
Mar. 22 
Mar. 27 
Mar. 1,3 
Har. 1 
Fj^. 25 



Closed. 



Jan. 15 



Feb. 4 

Nov. 29 

Dec. 23 

Pec. .2 

Deo. 29 

Deoi 8 



Average date of opening, March 19; average date of closing, December 12; average number of days 
closed, 97. 
Authorities : United States Weather Bureau, 1896 ; Reports of the Chief Signal Officer. 



H. Doc. 192- 
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No.28.— DES MOIKES RAPIDS, MISSISSIPPI RIVER, MONTROSE, IOWA. 
[40O 61' latitude north. Altitude, 500 feet. 91° 25' longitude west] 



Year. 



1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 



Opened. 



Closed. 



Mar. 9 
Open. 
Feb. 17 



Mar. 6 
Jan. 5 
Mar. 21 
Open. 



Jan. 7 
Dec. 15 
Deo. 10 
Deo. 20 
Deo. 26 
Deo. 8 
Open. 
Dec. 15 



Year. 



1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 



Opened. 


Mar. 


1 


Mar. 


15 


Mar. 


14 


Mar. 


15 


Feb. 


11 


Mar. 


1 


Mar. 


3 


Jan. 


28 



Closed. 



Dec. 27 I 

Dec. 30 

Dec. 14 

Dec. 2 

Deo. 21 
Open. 

Feb. 24 

Jan. 21 



Year. 



1891. 
1892. 
1893. 
1894. 

1895. 
1896. 



■{ 



OpeiMd. 



dosed. 



Open. 
Feb. 2 
Mar. 10 
Mar. 1 
Feb. 27 
Dee. 17 
Jan. 16 
Feb. 23 



Open. 
Dec S 
De& 4 
Dec 29 



Dec $ 
Jan. 3 
Feb. 21 



Average date of oi)ening. February 20 ; average date of closing, Jantiary 3 ; average number of days 
closed, 48. 

Authorities : Report of Secretary of War, Engineers, 180^04 ; Mr. Fred. Z. Goelnisoh, obBwrer 
Weather Bureau, Keokuk. 

No. 29.— DETOUR LIGHT-HOUSE, MOUTH OF ST. MARYS RIVER, MICHIGAlf. 
[450 59' latitude north. Altitude, 579.60 feet. 83^ 54' longitude west.] 



Year. 



1874 
1876 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. 


May 


12 


Apr. 


2» 


Apr. 


20 


Apr. 

Mar. 


20 
23 


Apr. 


14 


Apr. 


6 


Apr. 


26 



Closed. !| 



Year. 



D«c. 5 
Dec. 10 
Deo. 10 
Deo. 8 
Doc. 8 
Deo. 8 
Deo. 6 
Deo. 8 



1882 

1883 

', 1884 

:| 1885 

1886 

1887 

1888 

i 1889 



Opened. 


Apr. 


5 


Apr. 


18 


Apr. 


12 


Apr. 


30 


Apr. 


17 


Apr. 


20 


Apr. 


23 


Mar. 


28 



Closed. 



Dec. 6 
Dec. 10 
Dec. 10 
Deo. 7 
Deo. 19 
Dec. 7 
Deo. 7 
Deo. 6 



Year. 



1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Closed. 



Mar. 30 Dec. 6 
Apr. 11 ; Dec 10 
Apr. 7 Dec. ' 



Apr. 12 
Apr. 8 
Apr. 4 
Apr. 14 



Dec. 8 
Dec. 7 
Dee. 14 



Average date of opening, April 13; average date of closing, December 9; average number of days 
closed, Ti5. 
Authority: Commander William Folger, U. S. !N., Eleventh light-house district. 



No. 30.— DETROIT RIVER, MAMAJUDA ISLAND LIGHT-STATION, MICHIGAN. 
[420 20' latitude north. Altitude, 573.84 feet. 83^ 03' longitude west.] 



Year. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


1872 Apr. 6 

1873 Apr. 7 

1874 Mar. 24 

1875 , Mar. 29 

1876 Mar. 5 

1877 Mar. 10 




1882 

1883 

1884 

1885 

1886 

1887 

i 1888 

1889 

1890 X 


Mar. 13 
Apr. 7 
Apr. 1 
Apr. 6 
Mar. 15 
Mar. 20 
Mar. 27 
Mar. 22 


Deo. 10 
Deo. 16 
Deo. 17 
Deo. 16 
Dec. 10 
Deo. 17 
Dec. 18 


1891 

1892 

1893 

1894 

1895 

1896 


Mar. 1 
Mar. 16 
Mar. 29 
Mar. 16 
Mar. 81 
Mar. 30 


Dec. 30 




Dec. 23 


Deo. 15 
Dec. 17 
Dec. 8 
Dftfi. 21 


Dec. IS 
D(K). 26 
Deo. 2J 


1878 Mar. 7 Dec. 24 

1879 Mar. 9 i Dec. 15 




1880 Mar. 8 ' Den. 6 


Jan. 1 
Dec. 11 




1881 


1 Apr. 18 

1 


Dec. 30 


1890 / 


Mar. 2 





Average date of opening, March 20 ; average date of closing, December 17 ; average number of days 
dosed 93 

Antliorities : Reports of United States Chief Signal Officer, 1871-1886; Annual Report- of the Chief 
of ^n^neers. United States Army, ]884; Mr. Jared A. Smith, lieutenant-colonel, United Ststei 
Army Fngineers, Tenth light-house district. 



REPORT OP U. S. DEEP WATERWAYS COMMISSION. 



211 



No. 81.-DUB0IST0WN, ?A. 
[41° 14' latitude north. 77° 08' longitude west.] 



Year. 


Opened. 


Closed. 


Year. 

1 


Opened. 


CloAed. 

Open. 

Deo. 3 

Open. 
fJan. 2 

Feb. 13 
' Mar. 21 

Dec. 22 
fNov. 27 
iDec. 5 


Year. 


Opened. 


Closed. 


1880 


Open. 
Jan. 12 


Nov. 21 
Open. 


' 1889 

' 1R0(> 


Open. 
Open. 
Jan. 29 

/Jan. 14 
iMar. 30 i 

Mar. 12 


1894 

1896 

1896 


■n . ... (tTnn. 13 


1881 


fS®?- ii Feb 2 


1882 


Open. 
(Feb. 8) 

Mar. 10 
(Apr. 4) 
(Feb. 16) 
(Mar. 8) 

Feb. 8 

Dec. 19 


(Dec. 11) Tsfli '"'"' 


Feb. 20 {^i^: ,; 


1883 

1884 

1885 

1886 1 

1887 

1888 


(Dec. 27) 
Mar. 1 

(Feb. 1) 
Jan. 12 
Dec. 3 
Nov. 22 
Dec. 15 


1 1892 

1893 


iFeb. 28 

(Jan. 9 
{Mar. 31 
(hec. 22 
/Feb. 17 
\Mar. 22 


iFeb. 23 
Jan. 19 
Dec. 6 
Dec. 28 
Jan. 5 
Mar. 13 



Average date of opening, February 12; average date of closing, December 30; average number of 
days closed, 44. 

Authority: Mr. J. L. Wheeler. 

Note. — Compared with Harrisburg, Pa., for interpolation for twenty years' period. 



No. 32.— DUBUQUE, IOWA. 
[42<' 30' latitude north. Altitude, 585 feet. WP 44' longitude west.] 



Year. 


Opened. 

Mar. 13 
Apr. 3 
Apr. 1 
Mar. 25 
Apr. 5 
Mar. 14 
Feb. 25 
Mar. 10 
Mar. 22 


Closed. 


Year. 


Opened. 


Closed. 


! Year. 


Opened. 

Mar. 15 
Apr. 1 
Mar. 3 
Mar. 5 
Mar. 25 
Mar. & 
Mar. 11 
Mar. 22 


Closed, 


1871 


Nov. 14 
Nov. 18 
Nov. 19 
Nov. 21 
Nov. 19 
Nov. 26 
Dec. 23 
Nov. 12 1 
Nov. 23 I 


1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 


Mar. 5 
Apr. 12 
Mar. 2 
Mar. 29 
Apr. 1 
Apr. 5 
Mar. 27 
Mar. 12 
Apr. 3 


Nov. 16 
Nov. 24 
Nov. 21 
Nov. 23 
Nov. 21 
Nov. 18 
Dec. 3 
Nov. 9 
Dec. 21 


1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 


Nov. 29 


1872 


Dec. 4 


1873 


Nov. 15 


1874 


Dec. 10 


1875 


Nov. 24 


1876 . 

1877 


Dec. 29 
Nov. 25 


1878 




1879 








^ 





Average date of opening, March 21 ; average date of closing, November 26; average number of days 
closed, 115. 
Authorities : United States Weather Bureau, 1896 ; Mr. Harry Clark, Diamond Jo Line steamers. 

No. 33.— DULUTH, MINN. 
[460 47' latitude north. Altitude, 600.69 feet. 92^ U6' longitude west. ) 



Year. 



1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 



Oi)ened. 



Apr. 16 
Apr. 16 
May 27a 
Mar. 20 
May 25a 
Apr. 7 
June 12a 
Apr. 28 
May 10 
Apr. 23 
Apr. 22 
May 5 
Apr. 19 
Apr. 1 
Apr. 25 



Closed. 



Dec. 16 
Nov. 21 
Nov. 20 : 
Nov. 20 ' 
Nov. 9 j 
Dec. 4 I 
Dec. 12 I 
Deo. 16 ' 
Dec. 7 ! 
Dec. 1 
Dec. 5 
Dec. 10 
Dec. 1 
Nov. 21 
Nov. 12 



Year. 



1870. 
1871. 
1872. 
187.1. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1879. 
1880. 
1881. 
1883. 
1883. 



Opened. 



Apr. 12 
Apr. 5 
Mar. 9 
May 10 
May 2 
May 12 
MaV 2 
Apr. 25 
Mar. 23 



Closed. 



Apr. 17 
May 1 
May 8 
Apr. 15 
Apr. 9 



Nov. 21 
Dec. 6 
Nov. 24 
Dec. 3() 
Dec. 11 
Dec. 10 
Dec. 19 
Dec. 17 

Jan. 2 
Dec. 12 
Dec. 17 
Nov. 26 
Dec. 30 
Dec. 24 



Year. 



1884 
1885 
1886 
1887 
1888 
1889 
1890 
1801 
1892 
1H9H 
1894 
1895 
1896 



Opened. 



May 1 
Apr. 27 
May 7 
May 4 
Mny 11 
Apr. 11 
Apr. 16 
Apr. 30 
Apr. 20 
May 1 
Apr. 18 I 
A|)r. 27 j 
Apr. 7 ! 



Closed. 



Dec. 


25 


Nov. 


29 


Dec. 


14 


Dec. 


28 


Dec. 


31 


Dt'C. 


4 


Dec. 


8 


Dec. 


7 


Dec. 


6 


Dec. 


8 


Dec. 


5 


Dec. 


10 



a First boat. 

Average date of opening, April 24 ; average date of closing, December 6; average number of days 
closed, 139. 

Authorities: United States Weather Bureau and Marine Review, 1896; i>ostraaster, Duluth, 1896; 
Mr. Henry Trnelsen, mayor, 1896. 
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No. 34.— EAGLl BLUJF WGPT-HOPSl?:, WISCONSIN. 
[450 10' latitude north. Altitude, 579.fi0 f^^t, 87° 14' Loiigitude west.] 



Year. 



1887. 
liB88. 
1889. 
1890. 



Opened. 


Closed. 


Apr. 25 
May 1 
Apr. 3 
Apr. 15 


Dec. 21 
Dec. 22 
Dec. 24 
Dec. 24 i 

1 



Year. 



1891. 
1892. 
1893. 
1894. 



Opened. 



Closed. 



Apr. 21 I Dec. 19 
Apir. 12 Dec. 13 
Apr. 18 I Dec. 13 
Mar. 30 ; Dec. 24 



Yqut. 



1895. 
1896. 



Opened. 



Apar. 16 
Apr- 13 



Cloeed. 



I>6C. 25 



Average date of opening, April 14 ; average date of closing, December 20 ; average number of days 
, 115. 



«losed 



Antbority: Commander J. H. Dayton. U. S. N., Ninth light-house district. 

Note. — Compared with Escanaba, Mich., for interpolation for twenty years' period. 

No. 35.— ERIE, PA. 
[42P 07' latitude north. Altitude, 571.35 feet. S(P 05' longitude west.] 



Year. 



1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 



Opened. 


Closed. 


Apr. 17 


Dec. 15 


Apr. 4 


Dec. 15 


Apr. 15 


Dec. 15 ' 


Apr. 12 


Dec. 10 


Apr. 22 


Dec. 15 


Apr. 1 


Dec. 15 


Apr. 1 


Dec. 15 


Mar. 20 


Dec. 15 


Apr. 27 


Dec. 15 



Year. 




1882 1 Apr. 4 

1883 j Apr. 25 

1884 Apr. 19 



1885. 
1886. 
1887. 
1888. 
1889. 
1890. 



Apr. 30 
Apr. 13 
Mar. 15 
Apr. 25 
Apr. 10 
Open. 



Closed. 1 1 Year. 



Dec. 8 I 
Dec. 15 
Dec. 13 I 
Dec. 10 1 
Dec. 7 i 
Dec. 23 I 
Dec. 5 
Open. ! 
Dec. 15 I 



1891. 
1892. 
1893. 
1894. 
1894. 
1895. 
1896. 



:} 



Opened. 



Closed. 



Apr. 11 ' Dec. 30 

Apr. 3 I Dec. 7 

Mar. 25 ' 

, Jan. 17 

Mar. 13 Dec. 21 

Apr. 3 Dec. 28 

Apr. 7 I 



Average date of opening, April 8; average dale of closing, December 21; average number of dap 
dosed. 108. 
Authorities: United States Weather Bureau, 1896; Mr. Kobert J. Saltsman. 

No.36.— ESCANABA, MICH. 

[450 48' latitude north. Altitude, 579.6 feet. 87° 05' longitude west.] 



Year. 



1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1878 1 Mar. 5 

1879 Apr. 25 



:} 




Apr. n 
Apr. 28 
May 2 
Apr. 30 
May 4 
Apr. 27 
Aiw. 18 



Closed. 


Dec. 


6 


Nov. 


30 


Dec. 


10 


Nov. 


30 


Dec. 


1 


Dec. 


9 



Year. 



Jan. 
Dec. 
Dec. 


25 

12 



1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1866. 
1887. 
1888. 



Opened. Closed. 



Apr. 
M^ 
Apr. 
Apr. 
Apr. 
May 
Apr. 
Apr. 
May 



13 Nov. 20 
4 ' Dec. 5 
1 I Dec. 



24 ' Dec. 



1 
8 



9 
5 

23 

28 

2 



Dec. 9 
Deo. 1 
Dec. 6 
Dec. 15 
Dec. 28 




Opened. 



Closed. 



Apr. 4 I Dec. 31 
Apr. 16 Dec. 27 
Apr. 27 



Apr. 15 
Apr. 27 
Apr. 16 
Apr. 16 
Apr. 17 



Jan. 1 

Dec. 22 

Dec. 19 

Dec 27 

Dec. 28 



Average date of opening, April 20 ; average date of closing, December 6 ; avei'age number of days 

Authorities: Mr. Edward C. Carter and Monthly Weather Review, 1871-1889. 

No. 37.— FORT BENTON, MONT. 
[470 48' latitude north. Altitude, 2565 feet. llOo 46' longitude west.] 



Year- 



Opened. 



Closed. 



1876 \ (Feb. 22) 

1877 

1877....w...\ (Feb. 26) 

1878 

1878 \ (Feb. 12) 

1879 

1879 \ (Feb. 25) 

^880. 

1880 \ (Feb. 27) 

1881 / (Jan. 6) 

1881 \ (Feb.25) 

1882 / (Jan. 6) 

1882 Mar. 15 Jan. 2 



(Jan. 3) 
(Jan. 17) 
(Jan. 28} 
(Jan. 14) 



Year. 



:} 



Feb. 28 



Feb. 11 



1883.... 
1884.... 
1885.... 
1885.... 
1886.... 
1886.... 
1887.... 
1887.... 
1888 ... 
1888.... 
1889.... 

1889 \i (Feb. 17) 

1890 /I I 



Qpcoied. 



I^^ar. 
Feb. 



15 
24 



(Feb. 22) I 



:} 



(Mar. 8) 



Closed. 


Dec. 22 


(Jan. 22) 


(Jan. 24) 


(Jan. 5) 


(Jan. 15) 


(Jan. 19) 


(Jan. 3) 



Year. 



1890. 
1891. 
1892. 
1892. 
1892. 
1893. 
1893. 
1893. 
1894. 
1894. 
1895. 
1895. 
1896. 



:} 



Opened. 



(Mar. 3) 
Mar. 20 



Feb. 
Feb. 



7 
24 



Jan. 
Mar. 



3 
10 



:} 



Mar. 12 



Feb. 27 



Closed^ 



Feb. 
Deo. 
Feb. 
Nov. 



I 

26 
IS 
21 



Jan. 


25 




Jan. 


3 


Jan. 


1 



Average date of opening, February 27 ; average date of closing, Januai^ 3 ; average number of days 
closed, 55. 
Authoritv: Missouri River Commission. (Stages of the Missouri River, 1804.) 
Note.— Compared with Bismarok, N. Dak., for Interpolation for twenty years' period. 
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No. 38.— FORT BUFORD, TS. DAK. 
[iSP 02' latitode north. AHittide, 1,855 feet. 104° 01' longitude weet.] 



Year. 



1879. 
1880. 
1881. 
1882. 
1883. 
1884. 



Opened, i Closed. 



Apr. 19 Nov. 8 
Apr. 25 Nov. 12 
Apr. 16 Nov; 9 
Apr. 5 Nov. 6 
Apr. 13 Nov. 8 
Apr. 20 I Nov. 8 



Tear. 



1885. 
1886. 
1887. 
1888. 
1889. 
1890. 



Opened. 



Apr. 28 
mij 5 
Apr. 13 
May 24 
(Mar. 7) 
(Mar.26) 



Closed. 



Nov. 9 
Nov. 14 
Nov. 10 
Oct. 19 
(Nov.22) 
Deo. 4 



Tear. 



Opened. 



1891 Mar. 19 

1892 Mar. 29 

1893 Apr. 2 

1894 1 Mar. 31 

1895 : Mar. 29 



Closed. 



Nov. 14 

Nov. 24 

Nov. 2« 

Nov. 18 

Nov. 9 



1896. 



Apr. 1 



Average date of opening, April 13; average date of closing, November 13; average number of days 
closed. 151. 

Aathorities: United States Weather Bureau, 1806 j United States Engineer's OflBce, Sioax City, 
Iowa. 1896; Missouri Hi ver Commission ("Stages of the Missouri River," 1894); Mr. George Breugger, 
postmaster, Williston, N. Dak. 

NoTB.— Compared with Bismarck, N. Dak., for int«rpolation for twenty years' period. 

No. 39.— FORT CUSTER, MONT. 
[45° 46' latitude north. Altitude, 2,727 feet. 107° 48' longitude west.] 



Year. 



1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883- 



Opened. ' Closed. 



(Mar. 
(Mar. 
(Mar. 
(Mar. 
(Mar. 
(Mar. 

Mar. 

Mar. 



12) (Nov. 30) 

17) (Deo. 14) 

3) (Dec. 25) 

16) (Dec. 12) 

17) Nov. 17 
16). (Dec. 2) 



29 
15 



Nov. 12 
Dec. 8 



Year. 



Opened. 



1884 t.. Mar. 19 

1885 Mar. 12 

1886 Feb. 28 

1887 Mar. 13 

1888 Mar. 19 

1889 Apr. 25 

1890 \ Mar. 22 

1891 / 



Closed. 



Dec. 17 
Dec. 10 
Nov. 20 
Nov. 24 
Dec. 25 
Nov. 17 



Year. 



Feb. 1 



1891. 
1892. 
1893. 
1894. 
1895. 
1895. 
1896. 



Oi)ened. 



Closed. 



(Mar. 21) (Nov. 29) 
(Mar. 22) (Dec. 6) 



(Mar. 21) 
(Mar. 13) 



(Mar. 15) 
(Mar. 16) 



(Dec. 8) 



(Jan. 7) 
(Dec. 16) 



Average date of opening, March 18 ; average date of closing, December 9 ; average number of daya 
closed, 99. 

Author!^ : United States "Weather Bureau. 

Note. — Compared with Bismarck, N. Dak., for interpolation for twenty years' period. 

No. 40.-FORT GRATIOT RANGE LIGHT-HOUSE, MICH. 
[430 00' latitude north. Altitude, 579.60 feet. 82<^ 25' longitnde west.] 



Year. 



Opened. 



1874 ! Mar. 21 

1875 ; Apr. 10 



1876. 
1877. 
1878. 
1879. 
1880. 
1881. 



Apr. 9 
Apr. 19 
Mar. 10 
Apr. 3 
Mar. 22 
Apr. 25 



Closed. 



Dec. 12 
Dec. 15 
Dec. 11 
Dec. 22 
Dec. 19 
Dec. 19 
Deo. 11 
Dec. 31 



Year. 



1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 



Opened. 


Mar. 


11 


Apr. 


17 


Apr. 


8 


Apr. 


22 


Apr. 


29 


Apr. 


12 


Apr. 


12 


Apr. 


12 



Closed. 



Dec. 14 

Deo. 19 

Dec. 19 

Dec. 31 

Dec. 15 

Dec. 23 

Dec. 13 

Dec. 18 



Year. 



1890. 
1891. 
1892. 
1893. 
1894. 
1695. 
1896. 



Opened. | Closed. 



Mar. 13 

Apr. 19 

Apr. 6 

Apr. 9 

Mar. 23 

Apr. 7 

Apr. 8 



Dec. 25 
Dec. 26 
Deo. 31 
Dec. 18 
Dec. 24 
Dec. 19 



Average date of opening, April 6; average date of closing, December 19, average number of dAys 
closed, 108. 
Authority: Commander Wiliiam Folger, U. S.N., Eleventh light-house district. 

No. 41.— GEORGETOWN, PRINCE EDWARD ISLAND. 
[46° 11' latitude north. 62° 35' longitude west.] 



Tear. 



1868. 

1860. 

1870. 

1871. 

1872. 

1878. 

1874. 

1875. 

1876 

1877. 



Opened. 



Apr. 15 
Mar. 25 



Closed. 



Jan. 25 



Apr. 18 
May 4 
Apr. 20 
Mar. 30 



Jan. 31 
Jan. 5 
Jan. 10 
Jim. 13 



Year. ; Opened. | Closed. 



1878. 

1876. 

1880. 

1881. 

1882. 
' 1883. 
, 1884. 

1885. 

1886. 

liB87. 



Apr. 
Apr. 
Apr. 
Apr. 
Mfcy 
Apr. 
Apr. 
Apr. 
Mar. 
Apr. 



7 

7 
21 
24 

7 
14 
24 
24 
30 

6 



Jan. 29 

Jan. 30 

Jan. 8 

Jan. 3 i 

Feb. 8 , 

Jan. 11 I 

Jan. 12 ; 

t-eb. HR I 

Feb. 23 ' 

Feb. 8 



Year. 



1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 


Apr. 


3S0 


Mar. 


6 


Mar. 


15 


Mar. 


30 


Mar. 


27 


Apr. 


10 


Mar. 


22 


Apr. 


23 


Apr. 


2 



Closed. 



Jan. 23 

Feb. 25 

Feb. n 

Jan. 26 

Feb. 11 

Jan. 15 

Jan. 11 

Jaia. 28 

Jah. 25 



Average date of opening, April 10; average date of closing, January 26; average number of daya 
closed, 74. 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Reports of the Department 
of Railways and Canals, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Ouiada, 1896. 
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No. 42.— GW>DBRICH, ONTARIO. 
[430 45' latitude north. Altitade, 579.60 feet. 81^ 33' iongitade west.] 



Year. 



1867 
1868 
1869 
1870 
1871 
1872 
1973 
1874 
1875 
1876 



Opened. 



Apr. 20 

May 1 

Apr. 25 

Apr. 18 

May 2 

Apr. 15 

Apr. 12 

Apr. 30 

May 1 

May 4 



Closed. 


Deo. 


2 


Dec. 


6 


Dec. 


3 


Nov. 


28 


Dec. 


5 


Nov. 


25 


Deo. 


4 


Nov. 


30 


Dec. 


10 


Deo. 


1 



Tear. 



1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 



Opened. 



Apr. 20 
Apr. 6 
Apr. 12 
Mar. 20 
Mar. 1 
Apr. 3 
Apr. 26 
Apr. 20 
May 6 
May 19 



Closed. 


Dec. 


4 


Dec. 


10 


Dec. 


1 


Dec. 


10 


Dec. 


1 


Deo. 


7 


Dec. 


3 


Dec. 


15 


Deo. 


4 


Nov. 


30* 



Year. 



1887 
1888 
1889 
1800 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



May 2 

Apr. 28 

Apr, 8 

May 5 

Apr. 4 

Apr. 4 

Apr. 22 

Mar. 15 

Apr. 20 

Apr. 13 



Cloaed. 



Nov. 23 
Nov. 24 
Nov. 28 
Dec. 16 
Dec. 5 
Dec 3 
Nov. 27 
Dec. 4 
Nov. 23 



Average date of opening, April 16; average date of closiifg, December 4; average number of days 
closed, 133. 

Authorities: Greneral Report Public Works, Canada, 1867-1882; Annual Reports of the Department 
of Railwavs andCautds, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Canada, 1896. 

No. 43.— GRAND FORKS, N. DAK. 
[470 55' latitude north . A Ititude, 784 feet. 97° 01' longitude west.] 



Year. 



1870. 

1871., 

1872.. 

1873 -. 

1874.. 

1875- , 

1876.. 

1877.. 

1878.. 



Opened. 



Closed. 



Oct. 29 



Year. 



1879. 
1880. 
1881. 
1882. 
1883. 
1884, 
1885. 
1886. 
1887. 



Opened. 



Closed. 



Nov. 11 

Nov. 12 

Nov. 19 

Dec. 5 

Nov. 10 



Year. 



1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



Apr. 15 



Apr. 14 

Apr. 16 

Apr. 17 

Apr. 18 

A-pr. 15 

Apr. 6 

Apr. 20 



Closed. 



14 
5 



Dec. 
Nov. 
Nov. 12 
Nov. 12 
Nov. 14 
Nov. 
Nov. 
Nov. 



4 

10 

1 



Average date of opening, April 15 ; average date of closing, November 8 ; average number of days 
closed, 158. 
Authority : Mr. A. O. Powell, assistant engineer. United States. (1896.) St. Paul, Minn. 

No. 44.— GRAND HAVEN, MICH. 
[430 05' latitude north. Altitude, 579.6 feet. 86° 13' longitude -west.] 



Year. 



Opened. 



1869 1 

1870 \ Jan. 15 

1871 /i 

1871 \| Jan. 22 

1872 /, , 

1872 \' Feb. 2 

1873 / 

1873 Mar. 25 

1874 1 Open. 

■,07c /; Jan. 21 

1®'^ \| Apr. 4 

1876 1 Open. 

1877 \ Opeu. 

1878 / 

1878 \ Jan. 28 

1879 /i 



Closed. ! Tear. Opened 



Dec. 22 



Jan. 17 



Jan. 27 



Jan. 29 
Open. 
Opeu . 
Jan. 4 
Jan. 31 
Open. 



Jan. 18 



Mar. 2 



1879. 
1880. 

1880. 

1881. 
1882. 

1882. 

1883. 

1884. 

1885. 

1886. 



Mar. 7 



Jan. 9 
Jan. 17 
Jan. 12 



Jan. 19\ 
Mar. 16/ 
Open. 
Feb. 14 
Mar. 3 
Mar. 9 
Mar. 16 
Jan. 30 
Feb. 13 
Mar. 7 
Apr. 2 



Closed. 



Jan. 1 
Jan. 10 
Dec. 26 



Jan. 13 

Jan. 24 

Open. 
Feb. 5 
Feb. 19 
Mar. 8 
Feb. 28 
Jan. 19 
Jan. 31 
Feb. 14 
Mar. 12 



Year. 



1887 

1888 1 

1889 

1890 

1891 

1892 

1893 1 

1894 

1895 

1896 



Opened. Closed 



Open 




Feb. 


13 


Feb. 


20 


Feb. 


26 


Open 




Opeu 


» 


Open 




Feb. 


14 


Feb. 


21 


Feb. 


27 


Feb. 


25 


Open 


• 


Feb. 


20 



I Open. 

Feb. 4 

Feb. 16 
, Feb. 19 
I Open. 

Open. 
' Open. 

Feb. 7 
I Feb. 15 
I Feb. 22 
; Feb. 20 
I Open. 

Feb. 17 



Average date of opening, February 18 ; average date of closing, February 4 ; average number of 
days closed, 14. 

Authorities : Mr. A. B. Atwater, superintendent Grand Trunk Railway ; Mr. Jacob Boar, Grcoderioh 
Transportation Company. 
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No. 45— GRAND ISLAND LIGHTHOUSE, NEAR MUNISING, MICH. 
[460 34' latitade north. Altitude, 600.69 feet. 86° 41' longitade west.] 



Year. 



1874. 
1875- 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 



Opened. 


Closed. 


May 9 


Dec. 6 


May 21 


Dec. 1 


May 15 


Dec. 3 


Mav 1 


Nov. 30 


Apr. 3 


Nov. 28 


May 6 


Dec. 1 


Apr. 27 


Nov. 20 


May 11 


Dec. 5 



Tear. 



1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 



Opened. 


Closed. 


Apr. 18 


Dec. 1 


May 8 


Dec. 2 


May 1 


Dec. 1 


May 11 


Nov. 30 


May 1 


Dec. 4 


Mav 3 


Nov. 30 


May 11 


Nov. 30 


Apr. 13 


Nov. 30 



Year. 



1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 


Apr. 


22 


Apr. 


28 


Apr. 


21 


May 


2 


Apr. 


19 


Apr. 


27 


Apr. 


19 



Closed. 



Dec. 
DeQ. 
Deo. 
Dec. 
Dec. 
Dec. 



1 
1 
1 
2 
3 
2 



Average date of opening, April 30 ; average date of closing, December 1 ; average number of days 
closed, 150. 
Authority: Commander William Folger, IT. S. N., Eleventh light-house district. 

N0.46.-GRAND MARAIS LIGHT-HOUSE, MINNESOTA. 
[47° 44' latitude north. Altitude, 600.69' feet. 00° 20' longitude west.] 



Year. 


Opened. 


1 

Closed. : 

1 


Year. i Opened. 


Closed. 


Year. 


Opened. 


Closed. 


1885 




Dec. 21 ' 
Dec. 22 I 
Dec. 28 ! 
Dec. 28 


1889 ' Mar. 17 

1890 Apr. 8 

1891 ' Apr. 27 

1892 Apr. 22 


Nov. 7 
Dec. 17 
Dec. 3 
Dec. 10 


1893 

1894 

1895 

1896 

1 


Apr. 30 
Apr. 15 
Apr. 9 
Apr. 12 


Dec. 9 


1886 


Apr. 27 
May 1 
May 9 


Dec. 11 


1887 


Deo. 17 


1888 









Averase date of opening, April 19; average date of closing, December 13 ; average number of days 
closed. 127. 
Authori^ : Commander William Folger, U. S. N.. Eleventh light-house district. 
Note. — Compared with Duluth, Minn., for interpolation for twenty years' period. 

No. 47.— GRAND RAPIDS, MICH. 
[42° 59' latitude north. Altitude, 586.60 feet. *8b° 50' longitude west.] 



Year. 



Opened. Closed. 



1868. Mar. 16 

1869 Mar. 26 

1870 Mar. 24 

1871 Mar. 20 

1872 Apr. 2 

1873 Mar. 30 

1874 ' Mar. 11 

1875 Mar. 27 



1876. 
1877. 



Mar. 29 
Mar. 26 



! Dec. 4 
, Dec. 7 
! Nov. 15 
I Nov. 27 
I Nov. 20 
' Nov. 15 

Nov. 25 
, Nov. 24 
' Nov. 30 

Nov. 23 



Year. , Opened. 



1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 



Mar. 
Mar. 
Mar. 
Apr. 
Mar. 
Apr. 
Mar. 
Apr. 
Apr. 
Mar. 



15 

13 

5 

4 




Nov. 
Nov. 
Nov. 
Dec. 



24 I Nov. 

2 I Nov. 
19 Nov. 

9 I Dec. 

1 Nov. 
23 Nov. 



26 ,; 

15 

19 I 
18 
30 
14 I' 
22 
2 

28 H 
23 ' 



Opened. 



1888 

1889 

1890 

1891 

1892 

1893 

1894 ; 

1894 Mar. 5 

1895 i Mar. 10 

1896 Mar. 2 



Apr. 3 

Mar. 21 

Mar. 26 

j Apr. 1 

' Mar. 30 

i Feb. 20 



Closed. 



Deo. 11 

Dec. 29 

Dec. 3 

Nov. 29 

Nov. 25 



Jan. 


2 


Dec. 


31 


Nov. 


28 



Average date of opening, March 22 ; average date of closing, November 29 ; average number of days 
closed. 113. 
Authority: Capt. John Muir, steamer W. H. Barrett. 



1887. 
1888. 
1889. 
1890. 



No. 48— GRAND TRAVERSE LIGHT-HOUSE, MICHIGAN. 
[45° 12' latitude north. Altitude, 579.60 feet. 85° 34' longitude west.] 




Year. 



Apr. 16 Dec. 18 ., 1891. 



Apr. 27 
Mar. 24 



Dec. 16 !l 1892. 
Dec. 16 : 1893. 



Mar. 25 Dec. 22 



Opened. 




Apr. 1 
Apr. 1 
Apr. 10 



Year. 



Opened. 



Dec. 21 
Dec. 22 



I 1894. 
1895. 



Dec. 18 1896. 



ii 



Mar. 19 
Apr. 11 
Apr. 1 



Closed. 



Dec. 18 
Dec. 21 



Average date of opening, April 3 ; average date of closing, December 21 ; average number of days 
closed, 103. 
Authority : Commander J. H. Dayton, U. S. N.. Ninth light-house district. 
Note. — Compared with Alpena, Mich., for interpolation for twenty years' period. 
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No. 49.— GREENBAY, WIS. 
[440 31' latitude north. Altitude, 579.60 feet. 88° 00' longitude west.] 



Year. 


Opened. 1 CloRed. 

• 


Year. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


1874 


1 
Apr. 15 ' Nov. 28 
Apr. 28 1 Nov. 28 
Apr. 17 1 Dec. 1 

Apr. 16 

; Jan. 23 


1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 


May 6 
Apr. 1 


Dec. 14 


1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 


Apr. 8 
Apr. 11 
Apr. 23 
Apr. 11 
Apr. 15 
Mar. 31 
Apr. 16 
Apr. 16 


Dec 7 


1875.. • 


T)ec 4 


1876 


Apr. 16 Dec. 15 
Apr. 24 Dec. 3 
Apr. 29 "Ha/, ft 


Nov 30 


1877 \ 

1878 / 


Dec. 1 
Dec 15 


1878 


Mar. 13 Dec. 11 
Apr. 15 j Nov. 30 
Apr. 1 Nov. 20 

1 


Apr. 20 
Anr. 24 


Nov. 26 


Dec 10 


1879 


Dec 2 


1880 


Mav 2 1 «« 12 






jMM.n^ a 







Average date of opening. April 15 ; average date of closing, December 6 ; average nnmber of days 
closed, 130. 
Authority: Mr. F. W. Conrad, observer Weather Bureau. 

No. 50.— GREEN ISLAND LIGHT- HOUSE, WISCONSIN. 
[450 03' latitude north. Altitude, 579.60 feet. 87° 29' longitude west.] 



Year. 


Opened. 


Closed. 

1 
Dec. 24 
Dec. 31 
Dec. 31 
Dec. 24 


Year. 


Opened. 


Closed. Year. 

-i 


Opened. 


Closed. 


1887 


Apr. 23 
May 1 
Apr. 4 
Apr. 5 


1891 

1892 

1893 


Apr. 22 
Apr. 6 
Apr. 14 


Dec. 27 1894 .\ 

Dec. 15 1895 / 

Dec. 13 , 1894 

1 1896 


Mar. 22 

Apr. 1 
Apr. » 




1888 


Feb 2 


1889 


Dec 31 


1890 









Average date of opening, April 9; average date of closing, December 29; average nnmber of days 
closed, 101. 
Authority : Commander J. H. Dayton, U. S. N., Ninth lighti^house district. 
Note. — Compared with Escanaba, Mich., for interpolation for twenty years* period. 

No. 51.— GROSSE POINTE LIGHTHOUSE, LAKE ST. FRANCIS, QUEBEC. 

* [Altitude, 153.60 feet.] 



Year. 



1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1^80. 



Opened. 


Closed. 


May 2 


Dec. 1 


Apr. 29 


Nov. 25 


May 1 


Nov. 29 


Mav 3 


Nov. 27 


May 1 


Nov. 30 


May 3 


Dec. 2 


Apr. 20 


Dec. 14 


May 1 


Dec. 3 


Ai>r. 29 


Nov. 25 



Year. 



1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 



Opened. 


Closed. 
Nov. 29 


Apr. 28 


Apr. 28 


Dec. 2 


Apr. 29 


Dec. 13 


Apr. 30 


Dec. 14 


May 6 


Dec. 4 


Hay 1 


Dec. 3 


May 1 


Dec. 2 


1 May 1 


Dec. 2 


Apr. 22 


Dec. 1 



Year. 



1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



May 1 
Apr. 28 
May 1 
Apr. 29 
Apr. -26 
Apr. 29 



Closed. 



Dec. 2 

Nov. 30 

Nov. 30 

Dec. 2 

Nov. 30 

Nov. 30 



Average date of opening, April 29 ; average date of closing, December 2 ; average number of days 
clQsed, 148. 
Authority: Mr. E. Gourdeau, deputy minister marine and fisheries, D6mini6n of Canada. 

No. 52— HAMILTON ISLAND LIGHT-HOUSE, SUMMERSTOWN, ONTARIO. 

[Altitude, 163.50 feet.] 



Year. 



1873. 
1874. 
W75. 
1*76. 
1877. 
1878. 
1879. 
1880. 



Oi>ened. 




Apr. 


28 


^4 


3 


1 


Apr. 


30 


Apr. 


16 


May 


1 


Apr. 


21 



Closed. 



Nov. 25 
Nov. 28 
Nov. 25 
Dec. 2 
Dec. 2 
Dec. 2 
Dec. 3 
Nov. 25 



1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 



Opened. 


Closed. 


Apr. 25 


Nov. 26 


Apr. 23 


Nov. 30 


Hay 1 


Dec. 1 


Apr. 28 


Dec. 1 


May 6 


Dec. Si 


Apr. 29 


Dec. 2 


May 3 


Deo. 1 


May 1 


Dec. 1 



1889. 
1890. 

idol. 

iij92. 
189:;. 
1894. 
1895. 
1896. 



Opened. 1 Closed. 



Apr. 22 
Apr. 21 
Apf^. tS 
Apr. 27 
Hay 1 
Apf. p 
Apr. 28 
May 1 



Dec. 


1 


Nov. 


30 


D«c. 


X 


Dec. 


4 


Dec. 


9 


Dec. 


1 


Dec. 


1 



Average date of openings April 28 ; average date bf olosiiig, November 30; average number of dj^ya 
dosed, 149. . • 

Aathority : Mr. E. Gotirdean, deputy minister marine and fisheries, Dominion of Catada. 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



217 



No. 53.— HARRISBURG, PA.— SUSQUEHANNA RIVER. 
[40° 16' latitude north. Altitade, 289.96 feet. 76° 5?' longitade west.] 



Tear. 



Opened. Closed. 



Year. 




1870 

iQ»7i if J an. 15 

^^^ \Feb. 17 

1872 Mar. 23 

(Jan. 18 
JFeb. 7 
(Mar. 11 
Open. 
Feb. 27 
Open. 
Feb. 3 



1873. 

1874. 
1875. 
1876. 
1877. 

1878. 



Jan. 12 



Dec. 29 

, Feb. 12 

Dec. 18 

I Deo. 22 

\jan. 29 
I (Feb. 24 

I Open. 

Jan. 10 
I Dec. 10 

Open. 
/Jan. 8 
\Dec. 26 



1879 

M 1880 

I 1881 

' 1882 

1883 

1884 

1885 

1886 

1887 
1888 
1889 
1890 



Mar. 8 
Open. 
Feb. 11 
Open. 
Feb. 5 
Feb. 7 
Apr. 1 
rKeb. 13 
\Mar. 5 
Jan. 25 
Feb. 22 
Ol)en. 
Open. 



Year. 




1891. 
1892. 
1893. 
1894. 
1895. 
18U6. 

1896. 



Open. 
Open. 
Feb. 10 
Open. 
Jan. 10 



Closed. 



YFeb. 1 
iFeb. 23 



Open. 
Dec. 25 
Open. 
Dec. 29 



Jan. 9 
Feb. 22 



Average date of opening, February 14; average date of closing, January 18; averajje number of 
Hays closed, 27. 
Authorities : Mr. William A. Kelker ; Mr. T. T. Wierman, jr., C. E. 

No. 54.— HARTFORD, CONN.— CONNECTICUT RIVER. 
[41° 45' latitude north. Altitude, 0.00 feet. 72^ 39' longitude west.] 



Year. 


Opened. 


Closed. 


Year. 
1857 


Opened. 


Closed. 


Year. 

1879 

1880 

1881 \ 

1882 / 

1882 

1883 

1884 

1885 


Opened. 


Closed. 


1834 


Feb. 23 
Mar. 14 
Apr. 1 
Mar. 22 
Mar. 4 
Jan. 26 
Mar. 11 
Feb. 26 
Feb. 3 
Apr. 7 
Mkr. 15 
Mar. 2 
Mar. 14 
Mar. 13 
Mar. 9 
Mar. 17 
Mar. 6 
Feb. 7 
Mar. 15 
Feb. 25 
Mar. 12 
Mar. 8 
Apr. 7 




Mar. 18 
Mar. 20 
Mar. 12 
Mar. 5 
Feb. 23 
Mar. 29 
Mar. 22 
Mar. 5 
Mar. 17 
Mar. 14 
Mar. 5 
Mar. 24 
Mar. 25 
Mar. 2 
Mar. JO 
Mar. 31 
Mar. 30 
Mar. 10 
Apr. 7 
Mar. 17 
Mar. 10 


Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Nov. 
Deo. 
Nov. 
Nov. 
Dec. 
Nov. 
Dec. 


12 

1 
10 
10 
21 

2 

9 1 

12 , 

17 1 

8 ' 
11 

5 ! 

1® , 
30 

1 

29 : 

28 

24 1 

30 

1 

1 


Mar. 15 
Jan. 23 
Mar. 14 

Mar. 3 
Mar. 19 
Mar. 15 
Mar. 28 
Mar. 16 
Mar. 11 
Mar. 30 
Mar. 3 


Dec. 21 


1836 




1858 

1859 

1800 


Nov. 22 


1836 






1837 




Jan. 4 


1838 




18bl 

1862 


Dec. 4 


1839 


1 


Dec. 15 


1840 




18U3 

1864 

1865 


Dec. 18 


1841 




Dec. 6 


1842 




1*^86 

1H87 

1888 

1889 \ 

1890 / 


Dec. 5 


1843 


' 


1866--. 

18«7 


Dec 26 


1844 


. 


Dec. 15 


1845 




18ii8 

1869 




1846 


t 


Jan. 11 


1847 




1870........ 

1871 

1872 

1873 

1874 

1875 

1876 

1877 \ 

1878 / 


1890 

1891 \ 

1892 / 


Feb. 18 
Mar. 1 


Dec. 10 


1848 


..i 




1849 


1 


Jan. 8 


1850 




1892 

1893 >.. 

1894 

1895 

1896 


Feb. 24 
Mar. 14 
Mar. 8 
Mar. 14 
Mar. 1 


Doc. 23 


1851 




Dec. 13 


1852 




Dec. 28 


1853 




Dec. 20 


1854 


Dec. 4 
Dec. 9 ' 

Dec. 6 ' 

1 




1855 


Jan. 
Dec. 


1 1 
20 1 

1 




1858 


1878 


Mar. 1 









Average date of opening, March 12; average date of closing, December 12; average number of days 
closed, 90. 
Authority : Mr. C C. Goodrich, general manager Hartford and New York Transportation Company. 



No. 55.— HENNEPIN, ILL. 
[410 15' latitude north. Altitude, 438.61 feet. 89^ 22' longitude west.] 



Year. Opened. 



1876....: 

1877 ! (Feb. 14) 

1878 (Opieh.) 

1879 (Mar. 16) 

1880 (Jan. 14) 

1881 i Mar. 20 

1882 ! Mar. 17 

1883 1 Mat. 2 



CIoiiBfl. 



(Nov. 11) 
(Open.) I 
(Nov. 25) 
(Nov. 24) 
Nov. 17 
Nov. ^6 
Dec. 5 
Nov. 16 



Year. 



1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1890. 



Opened. 



Mar. 15 
Mar. 27 
Mar. li 
Feb. 17 
Mar. 16 
Mar. 5 



Mat. 11 



CHosed. 



Year. 



Opened. Closed. 



Nov. 26 
Deo. 7 
Nov. 25 
Nov. 28 
Dec. 20 



Jan. 21 
D6<j. 5 



1891 
1892 

1892 
1893 
1894 
1895 
1896 



(Mar. 18 ' Nov. 18 
<Dec. 18 



Mar. 2 
Mar. 21 
Mar. 3 
Feb. 28 
Mar. 20 



Jan. 8 

Nov. 28 

Nov. 24 

Nov. If 

Dec. 3 



Average dAte of bpeblng, Match 8; average ditte of closing, November 28; average niunher <if days 
oloeed, 100. 
Authoritv: Mr. "W. Durley. 
NoTB — Compared with Seneca, 111., for interpolation for twenty years' period. 
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No. 66.— JEFFERSON CITZ, MO. 
[38*^ 36' latitade north. Altitude, 523 feet. 92° 14' longitude west.] 



Tear. 



Opened. 



(Feb. 6) 
(Feb. 7) 
(Jan. 7) 



Feb. 7 



1878 

1879 

1880 

1881 

1881 

1882 

1882 

1883 

1883 

1884 

1884 \i Jan. 30 

1885 



:} 



(Feb. 25) 



Feb. 17 



Closed. 


Dec. 
(Dec. 


28 
27) 


Jan. 
(Jan. 


22 

'io)" 


Jan. 


81 


Jan. 


5 


(Jan. 


3) 



Tear. 



1885. 
1886. 
1886. 
1886. 
1887. 
1887. 
1887. 
1888. 
1888. 
1888. 
1889. 



:} 



Opened. 



(Feb. 9) 



Feb. 14 
Dec. 11 



Jan. 24 



;l 



Jan. 
Feb. 



6 
4 



Closed. 



Jan. 11 
Dec. 4 



Jan. 1 
Dec. 28 



Jan. 16 



Feb. 24 



Tear. 



1889 
1890 
1891 

1892 

1893 
1894 
1895 
1896 



Opened. 



Mar. 1 

Open. 

Open. 

Jan. 26 

Feb. 20 
Open. 
Feb. 27 
Open. 



Closed. • 



{ 



Open. 
Open. 
Open. 
Jan. ft 
Dec. 28 
Open. 
Dec. 31 
Open. 



Average date of ox>ening, February 2 ; average date of closing, January 11 ; average number of daiys 
' closed, 22. 

Authorities: Report of United States Engineers. 1888-90; Missouri River Commission (** Stages 
of the Missouri Kiver"), 1894; Capt. J. E. Sanford, United States Engineers, secretary Mieaouri 
River Oouiroission. 

Note.— Compared with Kansas City, Mo., for interpolation for twenty years' period. 

No. 57.— KANSAS CITT, MO. 
[390 05' latitude norths Altitude, 716 feet. 94^ 37' longitude west.] 



Tear. 



1874 
1875 
1876 
1877 
1878 
1878 
1879 




Mar. 11 
Open. 
Feb. 6 



1880. 



I Feb. 3 

Feb. 4 

/Jan. 4 

iDeo. 8 

1881 Feb. 22 

1882 ) Feb. 20 

1882 \ Dec. 11 

1883 ) 

1883 : Feb. 15 

1884 Feb. 24 



Closed. 



Dec. 

Open. 

Dec. 


28 
9 



Jhu. 1 I 

Dec. 22 ! 

Dec. 15 ' 

Nov. 24 

Dec. 29 

Dec. 29 

Dec. 4 

'Jan. 3 

Dec. 19 

Dec. 22 i 




Opened, j Closed. 



Feb. 6 
Dec. 22 



Feb. 13 I 
Dec. 13 ' 



Feb. 8 i 
Feb. 17 ; 



Feb. 3 
Mar. 3 



Dec. 


13 


Jan. 
Dec. 


7 
4 


Jan. 
Dec. 


9 
2 


Jan. 
Feb. 


27 
20 






Jan. 13 
Feb. 20 



1890. 

1891. 
1892. 
1893. 
1893. 
1894. 

1895. 

1896. 



/Jan. 27\ 
\Mar. 9/ 

Open. 

Open. 

Feb. 21 

Dec. 15 



/Jan. 20 

!\Feb. 18 

Jan. 14 



Cl4»sed. 



Open. 

Open. 
Dec. 20 
Dec. 3 



Dec. 31 
Jan. 26 



Average date of opening, February 12; average date of closing, January 5; average number of days 
closed, 38. 

Authorities: Report of United States Missouri River Commission, 1887-1890; Missouri River Com- 
mission (''Stages of the Missouri River"), 1894; local forecast official, United States Weather Bnrean, 
1896. 

No. 58.— KEOKUK, IOWA. 
[40O 22' latitude north. Altitude, 477 feet. 91° 26' longitude west.] 



Tear. 




Closed. 



Tear. 



Oi)ened. 



1871 Dec. 

1872 ; Mar. 14 Dec. 

1873 Mar. 10 Open. 

1874 1 Open. Open. 

1875 1 Mar. 28 I Jan. 5 

1876 Open. I Dec. 11 

1877 Feb. 17 Dec. 10 

1878 Mar. 39 Dec. 20 

1879 1 Mar. 6 Dec. 25 

1880 i Jan. 5 Dec. 8 



4 1881 i Mar. 6 

4 I J882 1 Open. 

1883 ' Mar. 1 

1884 i Mar. 16 

1885 1 Mar. 14 

1886 1 Mar. 14 

1887 i Feb. 10 

1888 1 Mar. 1 

1889 1 Mar. 3 



Closed. 



Open. 
Dec. 17 
Dec. 27 
Dec. 20 
Dec. 14 
Dec. 2 
Dec. 21 
Open. 
Feb. 24 



Tear. Opened. 



I8fl0 Z'^*"- ^ 

^^^ ,\Mar. 12 

1891 1 Open. 

1892 i Open. 

1893 1 Mar. 9 

1894 1 Feb. 27 

^**"^ I^Dec. 17 

ifiOA I/Jan. 13 

^^^ |\Feb. 23 



ClMed. 



Jan. 21 
Mar. 1 
Open. 
Dec. 26 
Dec. 31 
Dec. 30 

Deo. "5 
Jan. 3 
Feb. 21 



Average date of opening, February 25 ; average date of closing, January 5 ; average number of days 
closed, 51. 
Authorities: Reports of the United States Chief Signal Offici^r, 1872-1888; Mr. J. H. Cole. 
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No. 59— KINCAKDINE, ONTARIO. 
[Uo 10/ latitude north. Altitude, 579.60 feet. 81° 37' longitude west. J 



Year. Opened. 

t 


Closed. 


Tear. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


1875 


Mar. 27 
May 5 
Mar. 2 
Apr. 26 
Apr. 13 
May 7 
Apr. 28 
Mar. 27 


Nov. 20 
Oct. 27 
Nov. 12 
Nov. 16 
Nov. 20 , 
Nov. 5 1 
Nov. 23 
Nov. 30 


1883........ 

J884 

1885 

1886 

1887 

1888 

1889 

1890 


Apr. 23 
May 6 
May 6 
Apr. 3 
Apr. 20 
May 2 
Mar. 26 
Apr. 18 


Dec. 28 
Nov. 24 
Nov. 30 
Nov. 28 
Nov. 15 
Dec. 4 
Nov. 6 
Nov. 16 


1891 

1892 

1893 

1894 

1895 

1896 


Apr. 22 
Apr. 5 
Apr. 2 
Apr. 4 
Apr. 10 
Apr. 9 


Nov. 15- 


1876 


Deo. 26* 


1877 

1878 

1879 

1880 

1881 

1882 


Nov. 6. 
Nov. 26 
Nov. 26. 





Average date of opening, April 15 ; average date of closing, November 21 ; average number of days- 
closed, 145. 
Authority : Department of Pablic Works, Dominion of Canada, 1897. 



Year. 



1831. 

1832. 

1833. 

1834. 

1834. 

18.35. 

1836. 

1837. 

1838. 

1838. 

1839. 

1840- 

1841. 

1842. 

1&13. 

1844. 

1844 

1845. 

1845. 

1846. 

1816. 

1847. 

1848. 

1848. 

1849. 

1850. 

1851. 

1852. 

1853. 

1853. 

1854. 

1854. 

1855. 



No. 60.— KINGSTON, ONTARIO. 
[440 15' latitude north. Altitude, 244.53 feet- 76° 29' longitade west.] 



Opened. 



Apr. 27 
Apr. 7 



Mar. 19 
Apr. 6 
Apr. 23 
A r. 11 



Apr. 6 
Apr. 8 
Mar. 19 
Apr. 23 
Mar. 24 
Apr. 25 



:} 



Mar. 9 



:} 



Apr. 2 



Mar. 31 
Apr. 11 



Apr. 3 
Apr. 3 
Apr. 5 
Apr. 2 
Apr. 19 



Apr. 4 



Apr. 10 



Closed. 



Dec. 


19 


Dec. 


4 


Jan. 


1 


Dec. 


22 


Dec. 


31 


Dec. 


2« 



Jan. 16 

Dec. 18 

Dec. 26 

Dec. 23 

Dec. 31 

Dec. 31 



Jan. 


3 


Jan. 


12 


Jan. 


9 





Jan. 6 

Dec. 30 

Dec. 31 

Dec. 26 

Deo. 22 



Jan. 14 
Jan. 5 
Jan. is 



Tear. 



:} 



Apr. 8 
Apr. 2 



Apr. 26 



Apr. 15 
Apr. 12 



:} 



1855.... 

1856.... 

1856.... 

1857.... 

1858.... 

1858.... 

1859.... 

1859... 

I860.... 

1861.... 

1861.... 

1862.... 

1862.... 

1863.... 

1863.... 

1864..., 

1864..-. 

1865.... 

1805 V Mar. 28 

1866 /I 

1866 V Apr. 11 

1867.... 

1867... 

1868... 

1869.... 

1870.... 

1870... 

1871..., 

1872..., 

1873.... 

1874.... 

1874.... 

1875.... 



Opened. 



Apr. 17 



Apr. 8 
Apr. 14 
Apr. i6 
Apr. 5 



:} 



Apr. 8 
Mar. 31 
Apr. 17 



Apr. 13 

Mar. 16 

Apr. 22 

Apr. 24 



Mar. 28 



Closed. 





Jan. 
Dec. 


1 
31 


Feb. 


2 


Jan. 
Dec. 


8 
25 


Jan. 


10 


Jan. 


4 


Jan. 


17 


Jan. 


1 


Jan. 


4 


Jan. 


5 


Jan. 
Dec. 
Dec. 


5 
18 
24 


Jan. 
Dec. 
Dec. 
Dec. 


8 
31 
25 
21 


Jan. 


14 



Jan. 5 



Year. 



} 



} 



1875.... 
1876.... 
1877.... 
1878.... 
1878.... 
1879.... 
1879.... 

1880 

1881 \ 

1882 / 

1882 \ 

1883 / 

1883 

1884 

1885 \ 

1886 / 

188C 

1887 

1888.... 
188ft.... 

188S) \ 

1890 / 

1890 

1891 \ 

1892 / 

1892 

1893 

1894 

1895 

1896 



Opened. 



Apr. 29 
Apr. 18 
Apr. 9 



Mar. 11 



Apr. 21 
Mar. 23 
Apr. 12 

Mar. 7 



Apr. 19 
Apr. 19 
Apr. 28 



} 



Apr. 9 
Apr. 19 
Apr. 12 



Apr. 2 



Mar. 31 
Apr. 3 



Apr. 6 
Apr. 12 
Mar. 19 
Apr. 15 
Apr. 14 



Closed. 



Dec. 
Dec. 


23 
20. 


Jan. 


8. 


Jan. 
Dec. 
Dec. 


2; 
28 
21 


Jan. 


12 



J an. 4 

Dec. 31 

Dec. 31 

Jan. 8 

t ec. 30 

Dec. 30 



Jan. 19 

Jan. 2a 
Dec. 26: 



Jan. 16 
Dec. 26 
Dec. 30 
Open. 
Jan. 10 
Jan. 2. 



Average date of opening, April 8; average dat« of closing, January 2; average number of days- 
closed, 96. 

Authorities: Greneral Report Public "Works, Canada, 1867-1882 ; Annual Report of the Department 
of Railways and Canals, Dominion of Canada, 1883-1889; Department of Public Works, Dominion^ 
of Canada, 1896. 
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No. 61.— LACROSSE, WIS. 
[430 49' latitude north. Altitude, 628 feet. 91° 13' longitude west.l 



Year. 


Opened. 


Closed. ; 


Year. 


Opened. 

Mar. 7 
Apr. 9 
Mar. 4 
Apr. 6 
Mar. 29 
Apr. 1 
Mar. 28 
Apr. 6 
Apr. 9 


Closed. 

1 


Year. 


Opened. 


Closed. 


1871 


Mar. 13 
Apr. 8 


Nov. 22 
Xov. 22 


1880 

1881 

1882 


Nov. 19 
Dec. 31 
Dec. 8 
Dec. 18 


1889 

1890 

1891 

1892 


Mar. 30 
Mar. 20 
Mar. 21 
Mar. 25 
Apr. 3 
Mar. 10 
Mar. 24 


Nov. 29 


1872 


Dec. 3 


1873 


Mar. 19 ] Nov. 27 1 


I>ec. 26 


1874 


Mar. 28 ' Nov. 29 1 1883 


Dec. 10 


1875 


Apr. 7 i Nov. 22 ! 1884 

Apr. 7 Nov. 30 1885 

Mar. 27 ! Dec. 2 1886 

Feb. 22 Dec. 11 1887 

Mar. 26 ' T)«ft- 12 11 iSflfi 


Nov. 24 ' 1893 


Nov. 28 


1876 


Dec. 7 
Nov. 29 
Nov. 28 
Dec. 21 


1 1894 

1895 

1896 




1877 


Dec. 2 


1878 


Mar. 21 


1879 








! 









Average date of opening, March 26; Average date of cloering, December 5; average number of days 
closed, 111. 

Authorities: United States Weather Bureau, 1896; Mr. W. U. Simons, observer. Weather Bureau, 
La Crosse, Wis., 1896. 

No. 62.— LAKE CHAMPLAIN. OPPOSITE BURLINGtON. 

[440 30' latitude north. Altitude, 95.03 feet. 73° 14' longitude west.] 



Year. 



1816 
1817 
1818 
1819 

1820 

1821 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 



Opened. 



Apr. 5 
Apr. 16 
Apr. 15 
Apr. 17 

Mar. 12 

Apr. 21 
Mar: 30 
Apr. 5 
Feb. 11 
Apr. 1 
Mar. 24 
Mar. 31 
Open. 
Apr. 4 
Apr. 12 
Apr. 10 
Apr. 17 
Apr. 6 
Apr. 21 
Apr. 12 
Apr. 21 
Apr. 28 
Apr. 13 
Apr. 6 
Feb. 20 
Apr. 26 
Open. 
Apr. 23 
Apr. 11 



Closed. 



Feb. 9 
Jan. 29 
Feb. 2 
Mar. 4 
/Feb. 3 
\Mar. 8 
Jan. 15 
Jan. 24 
Feb. 7 
Jan. 22 
Feb. 9 
Feb. 1 
Jan. 21 
Open. 
Jan. 13 
Jan. 15 
Jan. 16 
Feb. 6 
Feb. 2 
Apr. 14 
Jan. 10 
Jan. 27 
Jan. 15 
Feb. 2 
Jan. 25 
J'an. 25 
Feb. 18 
Open. 
Feb. 26 
Jan. 25 



Year. 



Opened. 



1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 



Mar. 26 
Mar. 30 
Apr. 24 
Mar. 31 
Mar. 30 
Open. 
Mar. 30 
Apr. 21 
Apr. 10 
Apr. 11 
Apr. 20 
Apr. 18 
Apr. 9 
Apr. 6 
Apr. 2 
Apr. 2 
Apr. 14 
Apr. 23 
Apr. 26 
Mar. 13 
Apr. 5 
Apr. 11 
Apr. 8 
Apr. 15 
Apr. 20 
Apr. 12 
Mar. 12 
Apr. 2S5 
Apr. 25 
Mar. 27 



Closed. 



Feb. 


1 
3 


Feb. 


10 


Feb. 


15 


Feb. 


13 


Feb. 


7 


Open 


! 

• 


Feb. 


1 


Jan. 


18 


Jan. 


28 


Jan. 


28 


Feb. 


4 


Jan. 


22 


Jan. 


15 


Feb. 


12 


Jan. 


11 


Feb. 


2 


Jan. 


23 


Feb. 


5 


Feb. 


4 


Feb. 


17 


Jan. 


17 . 


Jan. 


30 


Jan. 


20 


Jan. 


7 


Jan. 


19 


Feb. 


25 


Jan. 


24 


Jan. 


8 


Jan. 


29 


Feb. 


1 



Year. 



1875 
1876 
1877 
1878 
1879 
1880 
1881 

1882. 

1883 
1884 
1885 
1886 

1887 

1888 
1889 

1890 

1891 

1892 
1893 
1894 
1895 
1896 



Opened. 



Apr. 

Apr. 

Apr. 

Mar. 

Apr. 

Mar. 

Apr. 
/Feb. 
\Mar. 

Apr. 

Apr. 

Apr. 

Apr. 
/Jan. 
I Apr. 

Apr. 

Mar. 
fFeb. 
I Feb. 
(Mar. 

{Jan. 
Feb. 
Apr. 
Apr. 
Apr. 
Feb. 
Apr. 
Apr. 



30 

24 

5 

1 

22 

24 

21 

5 

4 

22 

19 

25 

15 

12 

27 

22 

27 

11 

28 

12 

31 

27 

2 

3 

9 

15 

17 

30 



Closed. 



16 

2 

15 

29 



4 
25 
21 

8 
29 



Jan. 
Feb. 
Jan. 
Jan. 
Jan. 29 
Feb. t 
Jan. 16 
Feb. 
Feb. 
Jan. 
Jan. 
Jan. 
Jan. 24 
Jan. 9 
Feb. n 
Jan. 22 
Feb. 7 
Feb. 16 
Feb. 21 
Mar. 
Jan. 
Feb. 14 
Mar. 8 
Feb. 14 
Jan. 
Feb. 
Feb. 



7 
27 



16 
6 

7 



Feb. 17 



Average date of opening, April 1 ; average date of cloflfing, Jftnnary 26; ftv«rag« i^nmbei- of days 
4slo8ed 64 

AutiiOt^tes : Mr. Charleis B. Allen ftftd Mr. Thomas H. Canfield. 
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No. 63.-LAKE PJ^PIN, LAKE CIT-'Y, MINN.. 
[ 440 30' latHade north. 929 26' longitude west ] 



Year. 



3.«49 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
IS^iB 
1859 
1860 
1861 
1862 
1863 
1864 
1865 



Opened. 



Apr. 9 
Apr. 10 
Apr. 1 
Apr. 16 
Apr. 11 
Ap[r. 8 
Apr. 17 
Apr. 18 
May 1 
Mai'. 25 
Apr. 19 
Apr. 7 
Apr. 7 
Apr. 8 
Apr. 5 
Apr. 14 
Apr. 15 










Nov. 


24 1 


Nov. 


27 [ 


Nov. 


28 ' 


Nov. 


28 • 


Nov. 


21 


Dec. 


4 ; 



Tear. 



1866 
1867 
186$ 
1869 
1870 
1871 
1872 
1873 
1974 
187b 
1876 
1877 
1878 
1879 
1880 
1881 
1882 



Opened. 



Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Apr 
Mar 
Apr 
Apr 
Apr 
Apr 



19 

19 

4 

20 

. 15 

17 

. 25 

17 

22 

. 20 

L'2 

. 16 

9 

4 

. 10 

3 

6 



Closed. I 



Dec. 4 
Nov. 29 
Deo. 1 
Nov. 19 
Dec. 16 
Nov. 21 
Nov. 19 
Nov. 14 
Nov. 21 
Nov. 19 
Nov. 27 
Nov. 29 
Dec. 6 
Dec. 9 
Nov. 18 
Nov. 22 
Nov. 2 



Year. 



1883. 
1884. 
1885. 
1886. 
1887. 

im. 

1889. 

1890. 

1890. 

1891. 

1892. 

1893 

1804. 

1895. 

1896. 



Opened. 



Apr- 11 
Apr. 16 
Apr. 21 
Apr. 14 
Apr. 15 
Apr. 22 
Apr. 3 



Apr. 15 
Apr. 17 
Apr. 6 
Apr. 14 
Mar. 24 
Apr. 8 
Apr. 13 



Closed. 



Nqv. 11^ 
Nov. l^ 



Nov. S4 
Nov. 2f 
Dec. 17 



Jan. If 
Dec. ^ 
Nov. ^ 
Nov. 21 
Nov. 24 
Nov. 19 
Nov. 2S 



Averaji^e date of opening, April 12 ; average date of closing, November 25 ; average number of daya 
closed, 138. 
Authority: Dr. D. C. Estes, Lake City, Minn. 

No. 64.— LAKE SIMCOB, KEMPENFELDT BAY. 
[440 23' latitude north. Altitude, 714 feet. 78o 43' longitude west.J 



Year. 



1852. 
1853. 
1854. 
1855. 
1856. 
1867. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 



Opened. 



Apr. 27 



Apr. 26 
Apr. 27 
May 5 
Apr. 17 
Apr. 26 
Apr. 12 
Apr. 24 



Apr. 23 
Apr. 26 
Apr. 12 
Apr. 21 
Apr. 30 
Apr. 17 



Closed. 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



31 
28 
21 
25 
16 
26 
17 
13 
13 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



19 
19 
22 
27 
20 
12 



Yei^r. 



1889. 
1870. 
1871. 
1871. 
1872. 
1873. 
1874. 
1876. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 



:} 



Opened. 


Closed. 


Apr. J9 


Dec. 6 


Apr. 25 




Jan. 5 


Apr. 10 
May 2 


Dec. 13 


Dec. 11 


May 5 


Dec. 15 


May 9 


Dec. 30 


May 8 


Dec. 1 


May 1 


Dec. 17 


Apr. 24 


Dec. 31 


Mar. 30 


Dec. 27 


Apr. 29 


Dec. 24 


Apr. 15 


Dec. 9 


Apr. 27 


Dec. 19 


Apr. 13 


Dec. 16 


May 5 


Dec. 29 


May 6 


Dec. 19 



Year. 



1885. 
1886. 
1887. 
1888. 
1889. 
1889. 
1890. 
1890. 
1891. 
1892. 
1892. 
1893. 
1894. 
1895. 
1896. 
1896. 



:} 



Opened, i Closed. 



May 
Apr. 
Apr. 
May 



23 

30 

1 



Apr. 19 



Apr. 
Apr. 



17 
22 



Apr. 
Apr. 
Apr. 
Apr. 



10 
22 
13 
22 



Apr. 19 



Dec. 


2& 


Dec. 


2^ 


Dec. 


^ 


Jan. 


1» 


Jan. 


ii 


Dec. 


24 


Jan. 


a 


Dec. 


25- 


Dec. 


la 


Dec. 


27 


Jan. 


4 



Average date of opening, April 24; average date of closing, December 22; average number of days^ 
dosed, 123. 
Authorities: Hon. Judge Ardagh; The Barrie Examiner, Barrie, Ontario. 

No. 65.— LAKE ST. FRANCIS, CANADA. 
[Altitude, 163.60 feet.] 



Year. 



1886. 
1887. 
1888. 
1889. 
1890. 



Opened. 



Closed. 



Year. 



' 1891. 
1892. 
1892. 
1893. 
1894. 



Opened. 



Apr. 14 
Apr. 1 



Closed. 



Jan. 11 

Qec. 26 

Dec. 14 

.Dec. 28 



Year. 



1895. 
1895. 
1896. 

1896. 



Opened. 



Apr. 15 
Dec. 20 



Apr. 16 



Closed. 



Dec. 14 



Jan. 



Average date of opening, April 12; average date of closing, December 24; Average number of 
days closed, 109. 
Authority: Mr. F. Gourdeau, Deputy Mioister of Marine and Fisheries, Dominion of Canada. 
Note.— Compared wilih Eouses Point, N. Y., for interpQl^tion for twenty years' period. 
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No. 66.— LANCASTER PIER LIGHT-HOUSE, LANCASTER, ONTARIO. 



Year. 



1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1878. 



Opened. I Closed. 



Apr. 28 
Apr. 23 
Apr. 24 
Apr. 30 
Apr. 28 
Apr. 27 
May 6 
Apr. 27 
Apr. 19 
May 1 
Apr. 28 



Dec. 2 i 



Year. , Opened. 



Dec. 9 !' 
Dec. 9 1 1 
Dec. 9 1 1 
Dec. 9 I 
Nov. 27 
Dec. 2 
Nov. 25 1 
Dec. 9 ! 
Nov. 30 
Dec. 2 
Nov. 26 ; 



1874 Apr. 28 

1875 May 3 

1876 May 1 

1877 Apr. 30 

1878 Apr. 17 

1879 1 May 1 

1880 1 Apr. 22 

1881 Apr. 26 

1882 Apr. 24 

1883 May 1 

1884 1 Apr. 26 

1885 i May 6 



Closed. 


Nov. 


29 


Nov. 


27 


Dec. 


4 


Dec. 


2 


Doc. 


3 


Nov. 


30 


Nov. 


25 


Nov. 


27 


Nov. 


30 


Nov. 


30 


Nov. 


29 


Dec. 


1 



Year. 



1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



May 1 
May 4 
May 1 
Apr. 22 
Apr. 17 
Apr. 28 
Apr. 22 
May 1 
Apr. 23 
Apr. 29 
May 1 



Closed. 



Bee. 2 

Nov. 30 

Nov. 25 

Nov. 30 

Nov. 30 

Deo. 1 

Bee. 3 

Dec. 4 

Nov. 30 

Nov. 30 



Average date of opening, April 27; Average date of closing, December 1; average number of days 
•closed, 147. 

Authority: Mr. F. Grourdeau, deputy minister marine and flHheries, Dominion of Canada. 

No. 67.— LEAVENWORTH, KANS. 

[39° 18' latitude north. Altitude, 742 feet. 94° 57' longitude west.] 



Tear. 



1871. 
1872, 
1873. 
1874. 
1875. 
1875. 
1876. 
1876. 
1877. 
1878. 
1878. 
1879. 
1880. 
1881. 



:} 



:} 



Opened. 



Feb. 20 



Feb. 1 
Mari'ii 



Feb. 8 
Feb. 9 



Mar. 27 
Feb. 10 
Jan. 6 
Mar. 14 



Closed. 



Jan. 5 



Feb. 4 
Dec. 31 



Jan. 4 

Dec. 18 

Dec. 14 

Dec. 6 

Dec. 30 



Year. 



1882. 
1883. 
1883, 
1H84. 
1885. 
J886. 
1886. 
1887. 
1888. 
1889. 
1889. 
1890. 
1891. 



;} 



:} 



:} 



Opened. 



Jan. 21 



Feb. 25 
Feb. 25 
Mar. 10 



Feb. 20 
Feb. 17 
Feb. 19 



Mar. 4 
Open. 



Closed. 



Jan. 9 
Dec. 31 
Dec. 18 



Jan. 7 
Dec. 26 
Dec. 20 



Feb. 24 
Open. 



Feb. 3 



Year. 



1891. 
1802. 
18^2. 
1893. 
1893. 
1894. 
1894. 

1894. 



1895. 
1895. 
1896. 
1896. 



Opened. 



Mar. 12 



Jan. 31 
Feb. 27 
Dec. 15 



Jan. 18 

Feb. 28 

Dec. 12 

Feb. 25 



Jan. 20 



Cloeed. 





Jan. 
I>ec. 
Dec 


7 

27 
3 


Jan. 
Feb. 


13 
28 


I>ec. 
Dec. 


28 
3 


Jan. 


3 



Average date of opening, February 18; average date of closing, January 7; average number of days 
closed, 42. 

Authorities: United States Weather Bureau, 1896; Missouri River Commission, "Stages of the 
Missouri River," 1894. 

No. 68— LITTLE TRAVERSE LIGHT-HOUSE, MICHIGAN. 

[45° 25' latitude north. Altitude, 579.60 feet. 84^ 58' longitude west.] 



Tear. 



1887. 
1888. 
1889. 
1890. 



Opened. 


Closed. 


Apr. 29 
Apr. 30 
Apr. 12 
Apr. 9 


Dec. 12 
Dec. 12 
Dec. 14 
Dec. 18 



Year. 



1891. 
1892. 
1893. 



Opened. 


Clo.«>ed. 


' Apr. 15 
Apr. 5 
Apr. 14 


Dec. 22 
Dec. 17 
Dec. 12 



Year. 



1894. 
1895. 
1896. 



Opened. 



Apr. 7 
Apr. 16 
Apr. 14 



Closed. 



Dec. 17 
Dec. 13 



Average date of opening, April 14; average date of closing, December 15; average number of days 
closed, 120. 
Authority : Commander J. H. Davtim, U. S. N., Ninth light-house district. 
Note. — Compared with Alpena, Mich., for interpolation for twenty years' period. 

No. 69.— LONG TAIL POINT LIGHT-HOrSE, WISCONSIN. 
[U° 36' latitude north. Altitude, 579.60 feet. 87° 59' longitude west.] 



Year. 



1887. 
1888. 
1889. 
1890. 



Opened. Closed. 



Apr. 23 ; Nov. 27 
Apr. 28 I Dec. 12 
Apr. 1 I Dec. 3 
Apr. 11 . Dec. 4 



Year. 



1891. 
1892. 
1893. 
1894. 



Opened. 


Closed. 


Apr. 22 
Apr. 5 
Apr. 13 
Mar. 19 


Deo. 6 
Dec. 7 
Dec. 3 
Dec. 10 



Year. 



1895. 
1896. 



Opened. 



Apr. 15 
Apr. 5 



Closed. 



Dec 



Average date of opening, April 10; average date of closing, December 6; average number of days 
olos«fd. 126. 

Authority : Commander J. H. Dayton, U. S. N., Ninth light-house district. 
Note.— Compared with Green Bay, Wis., for interpolation for twenty years' period. 
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No.70*-LOUISVILLE, KY. 

[380 15' latitude north. Altitude, 394.45 feet. 85^ 45' longitude west.] 



Tear. 



1846. 

1847. 

1848. 

1849. 

185U. 

18M. 

1862 

1853. 

1854. 

1855 

1856. 

1857. 

1858 

1859. 

1860. 

1861. 

1862. 

1863. 



Opened. 



Open. 

10 days] 

Open. 

Open. 

Open. 

Jan. 28 

Open. 

12 days] 

Open. 

61 days] 

49 days] 

Open. 

Open. 

Open. 

Open. 

Open. 

Open. 



Closed. 



Open. 

L Closed 

Open. 

Open. 

Open. 

Deo. 17 

( )pen. 

[Closed 

Open. 

[Closed 

[Closed 

Open. 

Open. 

Open. 

Open. 

Open. 

Open. 

Open. 



Year. 



1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 



Opened. 



Open. 
Open. 
Open. 
Open. 
Open. 
Open. 
Open. 
21 days] 
35 d ays 



Closed. 



1873!! !!.!!!! 21 days] 



1874. 
1875. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 



;} 



Open. 



Open. 

Open. 

Open. 

Open. 

Open. 

Open. 

[Closed 

[Cloued 

[Closed 

Open. 



Feb. 21 
Open. 
Jan. 13 
Open. 
30 days] 
Open. 



Jan. 10 
I Open. 
I Dec. 9 
I Open. 
I [Closed 
I Open. 
i Dec. 28 




Jan. 81 
Open. 
6 days 
22 days 

22 days 

23 days 
27 days 

6 days 
Open. 
Open. 
Open. 

8 days] 
44 duys] 
Open. 
43 days] 
Open. 



Closed. 



Open. 
Closed 
Closed 
Closed 
Clo.sed 
Closed 
(Jlosed 

I )pen. 

Open. 

Ojpen. 
Closed 
Closed 

Open. 

[Closed 

Open. 



Average number of days closed, 115. 

Authority : Col. W. W. Hite. president Lonisville and Eransville Mail Company. 

No. 71.~MACKINAW CITY, MICH. 
[450 52' latitude north. Altitude, 579.6 feet. 84° 52' long^itude west.] 



Year. ' 



1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

1878 

1878. 

1879. 

1880. 

1880. 

1881. 



:} 



;} 



Opened. 



Apr. 2 

Apr. 28 

May 1 

Apr. 29 

Apr. 28 

Apr. 28 

Apr. 20 



Mar. 14 
Apr. 23 



Apr. 5 
Apr. 28 



Closed. 



Nov. 28 



(Dec. 27) 



(Jan. 23) 

(Dec. 25): 

Jan. 15 I 

Dec. 15a: 

Dec. 15 



Year. 



1882. 
1883. 
1883. 
1884. 
1885. 
1885. 
1886. 
1886. 
1887. 
1888. 
1888. 
1889. 
1890. 



;} 



:} 



:} 



Opened. 



Apr. 5 



Apr. 25 
Apr. 24 



May 1 



Apr. 21 
Apr. 24 



May 4 
Mar. 27 



Closed. 





Jan. 
Dec. 


14 
22 


Jan. 


3 


Jan. 
Dec. 


6 
27 


Jan. 
Dec. 


2 
18 



Jan. 4 



Year. ! Opened. 



:} 



Apr. 9 
Apr. 16 
Mar. 31 



1890.... 
1891... 
1892.... 
1893.... 
1893.... 
1894.... 
1894.... 
1895.... 

1895 \ 

1896 / 

1896 Apr. 16 



.\ Apr. 19 
!) Mar'.ii' 



Apr. 6 



Closed. 


Dec. 
Dec. 


24 

15 


Jan. 


4 


Jan. 
Feb." 


28 

• • • 

2 


Jan. 


21 



a Mail carried across the ice December 22. 

Average date of opening, April 15; average date of closing, December 81; average number of days 
closed, 105. 

Auihorltles: United States Weather Bureau, 1896; Mr. Geo. W. Marshall, keeper Old Mackinaw 
Point light-house; Mr. James Davenport, keeper McGuliiin Point light-house. 

Note. — Compared with Alpena, Mich., for interpolation for twenty years' period. 

No. 72.— MANKATO, MINN. 
[i4° 08' latitude north. Altitude, 756 feet. 94^ 00' longitude west.] 



Year. 



1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
186'J 
1864 
1865 
1866 
1867 
1868 



Opened. 


Closed. 


Apr. 10 


Nov. 26 


Apr. 11 


Nov. 17 


Apr. 24 


Nov. 23 


Mar. 18 


Nov. 23 


Apr. 13 


Dec. 6 


Mar. 21 


Nov. 30 


Apr. 1 


Dec. 2 


Apr. 11 


Nov. 22 


:Mar. 30 


Dec. I 


Apr. 7 


Nov. 18 


Apr. 8 


Dec. 8 


Apr. 12 


Nov. 30 


Apr. 14 


Dec. 6 


Mar. 28 


Nov. 8 



Year. 



1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 



Opened. 


Closed. 


Apr. 12 


Nov. 27 


Apr. 3 


Nov. 13 


Apr. 3 


Nov. 27 


Apr. 16 


Nov. 22 


Apr. 10 


Nov. 19 


Apr. 16 


Nov. 23 


Apr. 18 


Nov. 24 


Apr. 15 


Nov. 26 


Apr. 10 


Dec. 4 


Apr. 13 


Deo. 8 


Apr. 14 


Nov. 1 


Apr. 7 


Nov. 23 


Apr. 8 


Nov. 25 


Apr. 3 


Nov. 26 



Year. 



, 1883. 
, 1884. 

1885. 

1886. 
! 1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 



Opened. 


Apr. 


13 


Apr. 


9 


Apr. 


14 


Apr. 


10 


Apr. 


13 


Apr. 


13 


Mar. 


30 


Apr. 


17 


Mar. 


23 


Apr. 


14 


Apr. 


23 


Feb. 


28 


Mar. 


14 


Mar. 


2 



Closed. 



Nov. 13 

Nov. 19 

Nov. 23 

Nov. 17 

Dec. 3 

Dec. 29 
Dec. 
Dec. 
Dec. 



Nov. 28 

Dec. 18 

Dec. 6 

Dec. 4 



Average date of opening, April 6 ; average date of closing, November 27 ; average number of days 
closed, 130. 

Authority: This table is made from the table for St. Paul, using the statement of Mr. John C. 
Wise, postmaster at Mankato. ** Usually we are from several days to a week later in closing, and as 
mucn earlier in opening here than at St. Paul." 
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No. 73.— MARQUETTE LIGr^T-HOUSE, MICHIGAN. 
[400 33' ^titade north. 87° 22' longitude w^t.] 



T«ar. ! O^necl. GloAed. 



1874. 
1875. 
1876. 
18T7. 
1878. 
1879. 
1880. 
1881. 



May 3 Dec. 12 
May 19 : Dec. 6 
May 10 I Dec. 8 
Apr. 23 ! Dec. 6 
Apr. 2 Dec. 7 
May I Dec. 11 
' Apr. 21 Dec. 24 
May 8 Dec. 5 



1882. 
1883. 
1884. 
1886. 
1886. 
1887. 
1888. 
1889. 



Opened 


Ckwed. 


Apr. 18 


Deo. 7 


May 6 


Deo. 5 


Apr. 80 
May 8 


Deo. 20 


Dec. 2 


Apr. 28 ! Dec. 6 
May 1 Nov. 30 


May 10 Nov. 30 


Apr. 7 


Dec. 31 




1890. 
1891. 
1802. 
1893. 
1894. 
1895. 
1890. 



Apr. 15 
Apr. 27 
Apr. 18 
May 7 
Apr. 17 
Apr. 25 

Ape ao 



Caoaed. 



Dec 21 
I>ec. IS 
Dec. 10 
Dec. 6 
Dec 4 
Dec. 10 



Averaee date of opening, April 27 ; average date of closing, December 10 ; avwa®e number of daya 
closed, 138. 
Authority: Commander William Folger, U. S.N., Eleventh light-house district. 

No. 74. -MARQUETTE, MICH. 
[46° 34' latitude north. Altitude, 600.60 feet. 87° 24' longitude west.] 



Tear. 



1864 
1865 
186$ 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 



Opened. 



May 


8 


Apr. 


28 


May 


9 


May 


6 


May 


3 


May 


7 


Apr. 


30 


May 


9 


May 


13 


May 


21 


May 


13 



Closed. I' Year. 



Nov. 22 
Nov. 25 
Nov. 22 
Nov. 27 



1875 
1876 
1877. 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 



Opened. 


Closed. 
Nov. 24 


May 20 


May 12 


Nov. 26 


May 6 


Nov. 28 


Apr. 18 


Nov. 26 


May 8 


Nov. 25 


May 4 


Nov. 29 


May 11 


Nov. 23 


Apr. 26 


Nov. 27 


May 5 


Nov. 28 


Apr. 30 


Dec. 5 


May 11 


Dec. 2 



Year. 




1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Apr. 28 
May 5 
May 11 
Apr. 21 
Apr. 23 
May 1 
Apr. 21 
May 7 
Apr. 20 
Apr. 29 
Apr. 22 



Closed. 



Dee. 


1 


Dec. 


1 


Nov. 


26 


Nov- 


30 


Dec. 


3 


Dee. 


2 


Dec. 


6 


Dec. 


3 


Dfc. 


4 


Dec. 


6 



Average date of opening, May 3; average date of closing, November 28; average ntunber of days 
closed, 156. 
Authority: United States Weather Bureau, 1896. 

No. 75.— MENOMINEE LIGHTHOUSE, MICHIGAN. 
[450 06' latitude north. Altitude, 579.60 feet. 87^ 35' longitude west.] 



Year. 



Opened. \ Closed. 



1887. 
1888. 
1889. 
1890. 



Apr. 23 

May 2 

Apr. 4 

Apr. 15 



Tear. 



Dec. 23 , 1891. 

Dec. 27 1 1 1892. 

Dec. 31 H 1803. 

Dec. 21 I 



Opened. 


Closed. 


Apr. 15 
Apr. 6 
Apr. 23 


Dec. 26 i 
Dec. 20 
Dec. 12 1 

1 



Year. 



1894. 
1805. 
1895. 
1896. 



:} 



Opened. 



Ajpr, 18 



Apr. 1 
Apr. 8 



Closed. 



Jan. 31 
Dec. 31 



Average date of opening, April 14 ; average date of closing, December 28 ; average number of days 
closed, 107. 
Authority: Commander J. H. Dayton, U. S. N., Ninth light-house district. 
Note. — Compared with Green Bay, Wis., for interpolation for twenty years* period. 



No. 76.— MEBBDOSIA, ILL. 
[390 49' latitude north. Altitude, 424.31 feet. 96° 37' longitude west.] 



Year. 



1887 Feb. 16 

1888 ' Mar. 2 

1889 Mar. 3 

1890 ' Feb. 2 




Closed. 



Nov. 30 
Dec. 12 
Dec. 17 
Dec. 1 



Year. 



1891 
1892 
1898 



Opened. 


Closed. 


Jan. 23 
Feb. 6 
Mar. 6 


Dec. %0 
Dec. 2 
Dee. 1 



Tear. 



I 1894 
: 1895 
i 1890 



Opened. 



Mar. 1 
Mar. 3 
Feb. 18 



Closed. 



I>ec. 38 
Dec 3 



Average date of opening, February 19 ; average date of closing, December 7 ; avenge number of dayt 
\74. 



closed 



Authority: Mr. J. S. Goodrich, superintendent Wabash Railroad Company. 
Note.— Compared with Peoria, lu., for interpolation for twenty years' period,. 
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No. 77.— MILWAUKEE, WIS. 
[43<3 02' latitude north. Altitude, 579.6 feet. 87° 54' longitade west.] 



Year. 



1871 
1872 
1873 
1874 
1875, 
1876, 
1877 
1878 
1879 



Opened. 


Closed. 1 


Open. 


Oi)en. 


Open. 


Open. 


Opfjp. 


Open. 


Open. 


Open. 


Open. 


Open. 


Open. 


Open. 


Open. 


Open. 


Open. 


Open. 


Open. 


Open. 



Year. 



1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 



Opeuecl. 



Open. 
Open. 
Open. 
Open. 
Open. 
Open. 
Open. 
Open. 
Open. 



Closed. 



Open. 
Open. 
Open. 
Open. 
Open. 
Open. 
Open. 
Open. 
Open. 



Year. 



Opened. Closed. 



1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 
i 1895. 
' 1896. 



Open. 
Open. 



Apr. 15 
Apr. 13 
Jan. 15 



Feb. 20 
Open. 



Open. 
Deo. 6 
Deo. 10 
Dec. 10 
Dec. 8 



Jan. 14 
Open. 



Average date of opening, Maroh 10; average date of closing, Febmarj 24; average number of days 
closed. 14. 
Authorities : United States Weather Bureau; Mr. M. J. Dunn, lire department. 

No. 78.-MISSION POINT LIGHT- HOUSE, MICHIGAN. 
[44° 59' latitude north. 85° 28' longitude west.] 



Year. 


Opened. 


Closed. I 

1 


Year. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


1887 


Apr. 22 
Apr. 26 
Apr. 1 
Apr. 1 


1 

Dec. 16 
Dec. 19 
Dec. 20 ' 


1891 

1892 

1893 


Apr. 1 
Apr. 1 
Apr. 7 


Dec. 17 
Dec. 18 
Dec. 15 


1894 

1895 

1896 


Mar. 16 
Apr. 14 
Apr. 6 


Dec. 17 


1888... 

1889 


Deo. 16 


1890 


Dec. 15 ' 

















Average date of opening, April 5 ; average date of closing, December 17 ; average number of days 
closed, 109. 
Authority : Commander J. H. Dayton, U. S. N., Ninth light-house district. 
NoTB. — Compared with Escanaba, Mich., for interpolation for twenty years' period. 



Year. 



No. 79.— MONROE, MICH.— RAISIN RIVER. 
[410 52' latitude north. Altitude, 571.35 feet. 83° 16' longitade west.] 



1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 



Opened. 


Jan. 


7 


Mar. 


22 


Mar. 


1 


Mar. 


9 


Feb. 


21 


Mar. 


16 


Feb. 


13 


Mar. 


18 



Closed. 



Deo. 9 



1884. 
Dec. 28 !i 1885! 



Year. 



Dec. 22 

Dec. 17 

Dec. 6 

Dec. 31 

Dec. 8 

Dec. 15 



1886. 
1887. 
1888. 
1889. 
1890. 
1890. 



:} 



Opened. 


Closed. 


Mar. 19 
Apr. 1 
Mar. 9 
Feb. 11 
Mar. 20 
Mar. 17 

Mar."" 8 


Dec. 16 
Dec. 5 
Nov. 25 
Dec. 22 
Dec. 18 


Jan. 21 
Dec. 4 



Year. 



1891 
1892 
1893 
1894 
1896 
1896 



Opened. 


Mar. 


11 


Mar. 


1 


Mar. 


11 


Mar. 


5 


Mar. 


24 


Mar. 


21 



Closed. 



Dec. 18 

Deo. 20 

Deo. 2 

Deo. 25 

Deo. 7 



Average date of opening, March 7; average date of closing, December 13; average number of days 
dosed. S4. 
Authority : Lieut. Col. Jared A. Smith, United States Army Engineers. 

H. Doc. 192 15 
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Year. 



No. 80— MONTREAL, PROVINCE OF QUEBEC. 

[45^ 31' latitude north. Altitude, 23.0 foet. 73© 33' longitade irest.] 

I ,, , — — - - - 

Opt'Di'd. I Closed. I Tear. Opened. ' Closed. , Year. 



Ikpened. OosmI. 



I. 



1848. 
1840. 
1850. 
1861. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 



Apr. 12 
Apr. 13 
Apr. 15 
Apr. 11 
Apr. 25 
Apr. 15 
Ai>r. 25 
Apr. 28 
Apr. 24 
Apr. 18 
Apr. 9 
Apr. 4 
Apr. 10 
Apr. 24 
Apr. 23 
Apr. 25 
Apr. 13 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec;. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



22 
7 
6 
9 
18 
15 
6 



1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 



12 1 1 1872. 
3 !; 1873. 

13 j 1874. 
12 ;i 1875. 

11 ii 1876. 
7 I 1877. 

22 " 1878. 
7 I' 1878. 

12 I 1879. 
11 ' 1880. 



Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
May 
Apr. 
Apr. 
May 
Apr. 
Ai)r. 



Mar. 

Apr. 
Apr. 



10 


Dec. 


16 


19 


Dec. 


15 


22 


Dec. 


6 


17 


Dec. 


9 


25 


Dec. 


6 


18 


Dec. 


18 


8 


Dec. 


1 


1 


Dec. 


8 


25 


Nov. 


20 


25 


Doc. 


13 


3 


Nov. 


29 


27 


Dec. 


10 


17 








Jan. 


2 


30 


Deo. 


23 


24 


Dec. 


19 


17 


Dec. 


3 



1881. 
1882. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



:} 



Apr. 21 



Apr. 11 

Apr. 27 

Apr. 22 

May 5 

Apr. 24 

May 1 

Apr. 29 

Apr. 14 

Apr. 14 

Apr- 17 

Apr. 13 

Apr. 24 

Apr. 12 

Apr. 20 

Apr. 22 



Jan. 

Dee. • 

Dee. 1- 

Dec i 

Dec : 

Dec S 

Dec. u 
Dec. 

Dec. -• 

Dec. r 

Dec. 4 

Dtc. ? 
Dec 



Averaee date of opening, April 20; average date of closing, December 13; average n amber of day? 
closed, 1&. 
Authority: Mr. Alexander Robertson, secretary harbor commissioners. 

No. 81.— MOORHEAD, MINN. 
[4GO 52' latitude north. Altitude, 866 feet. 96° 44' longitude west.] 



Year. I Opened. 



1875 (Apr. 18) 

1876 Apr. 27 

1877 Apr. 20 

1878.. (Mar. 15) 

1879 Apr. 6 

1880 ' Apr. 12 

1881 i Apr. 23 

1882 Apr. 12 



Closed. 



Year. | Opened. , Closed. 



Year. 



Opened. CIomiL 



Nov. 16 

Nov. 4 

(Dec. 4) 



1883. 
1884. 
1885 ) Apr. 24 , Nov. 25 



Apr. 16 ' Nov. 17 i 1891 lApr. 13) (Nov. Z 

Apr. 19 ! Nov. 19 !• J 802 ,(Apr. 18) (Nov. i:. 



i! 



1893 ;( Apr. 27) (Not. ^ 

(Nov. 3) 1886 Apr. 12 '(Nov. 27) 1894 (Apr. 16) (Nov. ! 

(Nov. 5) 1887 Apr. 12 ' Oct. 26 i 1895 (Apr. 5) (Nov. ? 

1888  Apr. 26 I Nov. 17 | 1896 1 Apr. 26 

1889 1 Apr. 15 i(Nov. 19) 

1890 jfApr. 13), (Dec. 4) 



(Nov. 15; 
Nov. 15 
Nov. 11 



Average date of opening, April 18; average date of closing. November 14; average noinber oftbj^ 
closed. 155. 

Authority: United States Weather Pnreau. 

Note.— Cfompared with St. Vincent, Minn., for interpolation for twenty years' period. 

No. 82.— MORRIS, ILL— ILLINOIS RIVER. 
[41° 23' latitude north. 88° 25' longitude west.] 



Year. 



1830. 
1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 



Opened. 



Mar. 



Feb. 1 
Mar. 20 
Mar. 20 



Mar. 12 
Apr. 9 
Mar. 15 



Mar. 15 
Mar. 17 
Mar. 7 
Mar. 11 
Mar. 5 



Mar. 10 
Mar. 1 
Mar. 8 



Closed. 



Dec. 19 



Year. ; Opened. Closed. 



Nov. 16 



Dec. 1 
Dec. 



Dec. 



1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 



Feb. 16 
Mar. 14 
Mar. 10 
Winter. 
Open. 



Dec. 2 
Dec. 1 
Mild. 
Open. 



Mar. 10 I 
Mar. 1 
Mar. 
Mar. 16 
Mar. 6 
Feb. 26 
Mar. 7 



Feb. 24 
Mar. 10 



Mar. 29 



Open. 
Open. 



Dec. 28 
Dec. 31 



Dec. 1 ! 
Dec. 2 I 



Open. 
Open. 
(Deo. 24) 



Year. 



1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 

1887. 

1888. 
1889. 
1889. 
1890. 
1891. 
1892. 
1892. 
1893. 
1894. 
1895. 
1895. 
1896. 
1896. 



:} 



:} 



:} 



;} 



Ol>eDed. : Closed 



8 
3 
5 
5 



9 



Mar. 

Mar. 

Mar. 

Feb. 

Mar. 

Mar. 20 

Mar. 31 

Open. 
/Feb. 8 
\Apr. 8 

Feb. 26 



Mar. 15 
(Ol>en.) 
(Feb. 7) 



(Feb. 4) 
(Mar. 8) 
(Feb. 9) 



(Mar. 1) 
"(Feb.aB)' 



(Dec. 2?. 
(Nov.S 
(Open.- 
Jan. -i 
(Dec.» 
(Jan. li- 
Open. 
Dec. r 
Feb. I" 
Nov. r. 

Jan. 1^ 

(Opea-i 

(Open.) 



(Jan. 191 
(Dec» 
(Dec 81 



(Jan. S 
(jak » 



Average date of opening, March 10; average date of closing, January 6; average number of i»p 



oloaed 
Aut 
NOTB— Compared with Seneca, Dl., for interpolation for twenty years' period. 



Antiiority: L. W. Glaypoole. 

'hSei 
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No. 83.— NEBRASKA CITY, NEBR. 
[4(P 40' latitude north. Altitude, 907 feet. 95° 51' longitude west.] 



Year. 



1863. 

1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 

1875. 



Opened, j Closed. 



Year. 



Mar. 

Feb. 

Feb. 

Feb. 

Apr. 

Feb. 

Feb. 

Feb. 

Feb. 

Feb. 

Mar. 

Mar. 
;/Mar. 
\Dec. 



1 '/Feb. 

^ l\Dec. 
23 Dec. 
20 I Dec. 
28 Doc. 



2 
23 
28 
15 
22 
24 

3 

16 
25 \t..„„ 

22 r°^' 



Dec. 
Dec. 
Deo. 
Dec. 
Nov. 
Nov. 
Dec. 
Nov. 



2 
12 
10 

8 
10 
18 

9 
24 
21 
26 
28 

3 
28 

22 



1876. 
1877. 
1878. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
188«. 
1887. 
1888. 
1889. 



Opened. 



Open. 
Feb. 16 



Jan. 19 
Mar. 6 
Jan. 11 
Mar. 24 
Feb. 11 
Mar. 4 
Mar. 15 
Mar. 9 
Mar. 17 
Mar. 9 
Mar. 17 
Mar. 1 



Closed. 



Nov. 30 



Jan. 6 
Dec. 18 
Dec. 11 
Nov. 19 
Dec. 18 
Dec. 8 
Dec. 19 
Dec. 18 
Dec. 7 
Doc. 5 
Nov. 27 
Open. 
Jan. 13 



Tear. 



1890. 
1891. 
1892. 

1893. 

1894. 

1895. 
1896. 



Opened. 



/Feb. 10 

\Mar. 17 

Mar. 17 

Feb. 25 

/Mar. 10 
\Dec. 25 

Mar. 3 

/Feb. 27 

\Dec. 1 

Open. 



Closed. 



Jan. 4 

Feb. 20 

Feb. 3 

/Jan. 2 

\Dec. 9 

}Dec. 2 

/Jan. 24 

\Deo. 28 

\Dec. 2 



Average date of opening, February 27; average date of closing, December 14; average number of 
days closed, 75. 
Authority : The Nebraska City News, December 20, 1895. 

No. 84.— OGDENSBURG, N. T. 
[44° 43' latitude north. Altitude, 244.2g feet. 75° 30' longitude west.] 



Year. 



1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1812 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 



Opened. 



Apr. 12 
Apr. 2 
Apr. 4 
Apr. 20 
Apr. 20 
Apr. 12 
Apr. 11 
Apr. 1 
Apr. 16 
Mar. 24 
May 3 
Apr. 6 
Apr. 1 
Apr. 6 
Apr. 20 
Apr. 4 
Apr. 14 
Mar. 30 
Apr. 5 
Apr. 5 
Apr. 4 
Apr. 13 



Closed. 



Year. 



Dec. 
Dec. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



21 I 
17 
28 I 

7 
20 

7 
26 

9 

8 

1 
20 
16 
15 
25 

8 
25 
21 
12 
16 
25 
21 
13 



1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872, 
1873. 
1874. 
1875. 
1876. 




Apr. 21 
Apr. 29 
Apr. 25 
Apr. 8 
Apr. 12 
Apr. 9 
Apr. 12 
Apr. 11 
Apr. 14 
Apr. 18 
Apr. 13 
Apr. 11 
Apr. 17 
Apr. 1 
Apr. 14 
Apr. 11 
Mar. 21 
Apr. 17 
Apr. 15 
Mar. 31 ' 
Apr. 27 i 
Apr. 14 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Deo. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



17 
22 
29 

7 
17 
18 

9 
13 
11 
16 I 
16 
17 
10 
19 
23 
20 



Year. 



1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Apr. 10 I 
Mar. 21 ! 
Apr. 19 I 
Apr. 1 
Mar. 26 I 
Mar. 28 | 
Apr. 13 
Apr. 7 
Apr. 23 
Apr. 10 
Apr. 15 
Apr. 11 
Apr. 1 
Apr. 
Apr. 
Apr. 8 
Apr. 8 
Apr. 
Apr. 



Closed. 



Dec. 12 

Dec. 18 

Dec. 14 

Dec. 25 

Dec. 15 

Dec. 18 
Dec. 
Deo. 
Dec. 



1 
4 



1 
3 



6 
14 
15 

Dec. 17 
Dec. 20 
Dec. 18 
Dec. 15 
Dec. 20 
Dec. 18 
Dec. 13 
Dec. 15 
Dec. 15 



Apr. 10 



Average date of opening, April 10 ; average date of closing, December 15 ; average number of days 
closed, 116. 

Authorities : Fifth Annual Report of the State Weather Bureau, New York ; Mr. William Fetus, 
special deputy collector. 

No. 85.— OMAHA, NEBR. 
[410 16' latitude north. Altitude, 960 feet. 95° 56' longitude west.] 



Year. 



Opened. 



Closed. 



1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1878. 
1879. 
1880. 



Apr. 
Mar. 
Mar. 
Mar. 
Apr. 
Mar. 



10 
10 
19 
30 
3 
2 



Feb. 
Mar. 
Apr. 



19 
9 
5 



Dec. 4 
Nov. 22 
Nov. 23 
Nov. 24 



Jan. 4 
Dec. 18 
Dec. 10 
Deo. 28 



Year. 



1881. 
1882. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 



:} 



Opened. 



Apr. 13 



Mar. 10 
Mar. 9 
Apr. 5 
Apr. 14 
Mar. 17 
Mar. 12 
Mar. 16 



Closed. 



Jan. 2 
Dec. 1 
Dec. 29 
Dec. 17 
Dec. 9 
Nov. 30 
Nov. 20 



Year. 



Jan. 18 



1889. 
1890. 
1891. 
1892. 
1892. 
1893. 
1894. 
1895. 
1895. 
1896. 



Ox>ened. 



Mar. 4 
Mar. 19 
Mar. 22 



Feb. 26 
Mar. 12 
Mar. 4 



Feb. 28 
Feb. 25 



Closed. 



Nov. 
Dec. 


28 
8 


Feb. 
Dec. 
Dec. 


4 

10 

1 


Jan. 
Deo. 


4 
2 



Aventfe date of opening, March 16; average date of closing, December 14; average number of days 
closed. 92, 

Authorities : United States Weather Burean, 1896 ; Mr. Lncins A. Welsh, observer, Weather Bureau, 
Omaha. 
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No. 86— OSHKOSBT, WIS—LAKE WINNEBAGO. 
[U° 02' latitude north. Altitude, 750 feet. 88° 32' longitude west.] 



Year. 



1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 



Opened. , Closed. 



Apr.. 20 
Apr. 14 
Apr. 12 



Apr. 21 



Apr. 26 
Apr. 6 



Nov. 17 
Nov. 14 



Nov. 16 
Nov. 23 



Nov. 28 
Nov. 26 



Year. 



1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 



Opened. 



Apr. 17 
Mar. 30 
May 2 
Mar. 19 
Apr. 11 
Apr. 22 
Apr. 27 
Apr. 21 
Apr. 21 
Apr. 21 



Closed. 



Year. 



Nov. 16 
Nov. 24 
Nov. 23 
Nov. 20 
Nov, 24 
Nov. 28 
Nov, 19 
Nov. 21 
Nov. 17 



1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



Apr. 5 
Apr. 11 
Apr. 18 
Apr. 12 
Apr. 10 
Apr. 5 
Apr. 15 
Apr. 13 



Closed. 



Nov. 28 

Dec. 2 

Nov. 27 

Nov. 19 

Nov. 11 

Nov. 19 

Nov. 22 



Average date of opening, April 14 ; average date of closing, November 22 ; average number of days 
closed, 143. 
Authority: The Cook and Brown Lime Company, Oshkosh, Wis. 

No. 87.— OSWEGO, N. Y.— LAKE ONTARIO. 

[43° 29' latitude north. Altitude. 244.53 feet. 76° 35' longitude west.] 



Year. 



1835 

1836 

1837 

1838 

1839 

1840 

1841 

1842 

1843 

1844 

1845 

1846 

1847 

1848 1 

1849 

1950 

1851 

1852 

1853 1 

1864 1 



Opened. 



Apr. 


2 


Apr. 


16 


Apr. 


1 


Apr. 


6 


Apr. 


3 


Apr. 


4 


Apr. 


6 


Mar. 


7 


Ajir. 


8 


Mar. 


15 


Mar. 


28 


Mar. 


24 


Mar. 


25 


Jan. 


8 


Apr. 


5 


Mar. 


28 


Mar. 


21 


Mar. 


20 


Apr. 


1 


J»n. 


19 


Mar. 


12 


Jan. 


18 


Feb. 


27 



Closed. 



Year. 



1855 { 

1856 

1857 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

1K65 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876 



Opeiled. 



Jan. 

Feb. 

Apr. 

Apr. 

Apr. 

Apr. 

Mar. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Mar. 

Apr. 

Apr. 

Apr. 

Apr. 

Mar. 

Apr. 

Apr. 

Mar. 

Apr. 

Apr. 



Closed. 



3 




13 




19 




6 




1 




1 




9 


Dec. 


13 


1 


Deo. 


23 


2 


Dec. 


22 


2 


Deo. 


15 


6 


Dec. 


21 


1 


Dec. 


21 


17 


Dec. 


15 


6 


Dec. 


11 


1 


Dec. 


12 


10 


Dec. 


20 


6 


Dec. 


19 


20 


Dec. 


13 


13 


Dec. 


12 


7 


Dec. 


6 


31 


Dec. 


4 


13 


Dec. 


9 


5 


Dec. 


28 



Year. 



1877. 
1878. 
1879. 
1880. 
1881. 
18H1. 
1882. 
1883. 
1884. 
1885. 
18S6. 
1887. 
1888. 
1889. 
1890. 
1891. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



:} 



:} 



Opened. 



Apr. 14 
Mar. 11 
Apr. 9 
Mar. 10 



Apr. 2 

Mar. 22 

Apr. 6 

Apr. 5 

May 2 

Apr. 1 

Apr. 9 

Apr. 14 

Apr. 4 

Mar. 25 



Apr. 4 

Apr. 5 

Apr. 5 

Mar. 30 

Apr. 19 

Apr. 14 



Closed. 



Dec. 


26 


I>ec. 


10 


Dec. 


16 



J'an. 
Dec. 
Dec. 
Dec. 
Dec. 

Dec. 
Dec. 
Dec. 
Dec. 

Jan. 
Dec. 
Dec. 

I>eo. 
Dec. 



24 

11 
5 
U 
13 
16 
19 
16 
11 
18 

17 
28 
21 
11 
18 
19 



Average date of opening, April 4; average date of closing, December 17; average number of days 
closed, 108. 

Authorities: Fifth Annual Report of the State Weather Bureau, 1894; United States Weather 
Bureau, 1896; Mr. Allen W. Poucher, special deputy collector; New York Meterology, 1850-1863, 
second series, by F. B. Hough. 

Note. — The river at Oswego seldom freezes, except when the floating ice ^ets lodged fdr a few days 
at a time in midwinter, and uccasionally vessels arrive and depart in all the winter months. The spring 
of 1856 was exceptionally late, and on tlie 10th of April teams crossed the liver near its mouth, and the 
lake was frozen as far as could be seen. A propeller that left the harbor on the 19th was t^ree days 
in sight. 
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No. 88— OTTAWA RIVER, OTTAWA, ONTARIO. 
[450 16' latitude north. Altitude, 131 feot. 75° 42' longitude west.] 



Tear. 



1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 



Opened. 



Apr. 13 
May 3 
Apt*. 12 
Apr. 26 
Apr. 28 
Apr. 14 
Apr. 28 
Apr. 30 
Apr. 27 
Apr. 23 
Apr. 27 
Apr. 26 
Apr. 17 
Apr. 18 
Apr. 25 
Apr. 24 
Apr. 26 



Closed. 



Nov. 27 ' 
Nov. 20 
Nov. 29 
Dec. 3 i 
Dec. 4 
Nov. 23 I 
Nov. 24 I 
Nov. 30 i 
Dec. 2 
Nov. 21 
Nov. 30 
Nov. 25 ! 
Nov. 26 
Nov. 28 
Nov. 26 , 
Dec. 2 ' 
Nov. 24 I 



Year. 



1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 



Opened. I Closed. 



Apr. 26 
Apr. 20 
Apr. 10 
Apr. 23 
Apr. 25 
Apr. 25 
Apr. 27 
Apr. 18 
Apr. 11 
Apr. 27 
Apr. 22 
May 6 
May 1 
May 1 
Apr. 20 
Apr. 16 
May 3 



Nov. 30 
Dec. 1 
Dec. 1 
Dec. 1 
Nov. 30 
Nov. 19 
>fov. 18 
Nov. 30 
Nov. 27 
Nov. 26 
Nov. 16 
Nov. 15 
Nov. 20 
Nov. 30 
Dec. 1 
Nov. 30 
Nov. 26 



Year. 



1880. . 
1881.. 
1882.. 
1883.. 
1884.. 
1885.. 
1886. . 
1887.. 
1888.. 
1889.. 
1890.. 
1891.. 
1892.. 
1893.. 
1894.. 
1895. . 
1896.. 



Opened. Closed. 



Apr. 
Apr. 
Apr. 
Apr. 
May 
May 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 



26 I Nov. 22 

26 I Nov. 19 

27 ' Nov. 28 

27 I Nov. 24 
2 ' Nov. 22 
7 I Nov. 26 

26 , Nov. 27 

28 Nov. 24 
30 I Nov. 22 
26 I Nov. 29 
20 I Nov. 24 

26 ' Nov. 26 
28 ' Nov. 24 

27 Nov. 26 
23 I Nov. 22 
19 I Nov. 21 
27 1 



Average date of opening, April 25 ; average date of closing, November 26 ; average number of days 
closed. 150. 

Authorities: Mr. F. Gourdeau, deputy minister marine and fisheries, Canada; Mr. R. W. Shepherd, 
managing director Ottawa River Navigation Company. 

No. 89.— OTSEGO LAKE, COOPERSTOWN, N. Y. 
[42^ 50' latitude north. Altitude, 1.300 feet. 74° 54' longitude west.] 



Year. 



1841... 

1842... 

1843.. 

1844... 

1845... 

1846... 

1847... 

1848... 

1849.. 

1850... 

1850... 

1851... 

1852.. 

1853.. 

1853.. 

1854.. 

1854.. 

1855.. 

1856.. 

1856.. 

1857... 

18.i8... 

1858. . 

1859.. 

1859.. 

I860.. 

1861. . 

1861.. 

1862. . 

1862.. 

1863.. 



:} 



:} 



::} 



;} 



;} 



Opened. 



Apr. 25 
Mar. 30 
Apr. 26 
Apr. 13 
Apr. 1 
Apr. 7 
Apr. 25 
Apr. 10 
Apr. 7 



Apr. 24 
Mar. 30 
Apr. 26 



Apr. 9 



Apr. 20 
Apr. 24 



Apr. 26 
Apr. 6 

Apr. 5 



Mar. 30 
Apr. 7 



Apr. 14 
Apr. 22 



Closed. 










• • • • 










Feb. 
Dec* 
Dec. 


1 

30 
24 


Jan. 


17 


Jan. 
Dec. 


24 

20 


Jan. 
Dec. 


5 
18 


Feb. 


5 


Jan. 
Dec. 


9 
28 


Jan. 


8 


Jan. 


5 


Jan. 


17 



Year. 



1863. 
1864. 
1864. 
1865. 
1865. 
1866. 
1866. 
1867. 
1867. 
1868. 
1868. 
1869. 
1870. 
1870. 
1871. 
1871. 
1872. 
1873. 
1874. 
1874. 
1875. 
1876. 
1876. 
1877. 
1878. 
1878- 
1879. 
879. 
1880. 
1880. 



;} 



:} 



:} 



:} 



:} 



Opened. 



Apr. 23 
Apr! '2!' 



Apr. 5 
Apr. 14 



Apr. 15 



Apr. 16 
Apr. 21 



Apr. 16 



Apr. 27 
May 4 



May 5 
May 7 



Apr. 26 
Apr. 27 



Apr. 1 
Apr. 30 
Apr. 7 



Closed. 





Jan. 


3 


Jan. 


8 


Jan. 


7 


Jan. 


3 


Jan. 
Dec. 


6 
27 


Jan. 


8 


Jan. 
Dec. 
Dec. 


4 
21 
24 


Jan. 
Dec. 


26 
31 


Jan. 
Dec. 


13 

17 


Jan. 


29 


Jan. 


3 



Feb. 
Dec. 



3 
29 



I Year. 



:} 



Opened. 



Apr. 25 



Apr. 6 



Apr. 26 



18S1.... 
1882.... 
1882.... 
1883.... 
1883.... 
1884.... 

1884 \i Apr. 22 

1885 / 

1885 \l Apr. 26 

1886 /| 

1886 \l Apr. 14 

1887... . 
1887.... 
1888.... 
1889.... 
1889.... 
1890. . . . 
1890.... 
1891.... 
1892.... 
1892.... 
1893.... 
1894.... 
1894.... 
1895.... 
1896.... 
1896.... 



:} 



Apr. 28 
Apr. 30 



Apr. 11 



:} 



Apr. 8 
Apr. 15 



Apr. 5 
Apr. 17 



Mar. 22 
Apr. 19 



Apr. 18 



Closed. 







Jan. 
Jan. 


5 

» • • • 

6 


Jan. 


6 


Jan. 


19 


Jan. 


11 


Jan. 
Deo. 

Jan. 


2 
30 

'19 


Feb. 
Dec. 


22 
25 


Jan. 
Dec. 


20 
28 


Jan. 
Deo. 


13 
29 


Jan. 


6 






Average date of opening, April 17; average 
closed, IQO. 
Authority : Mr. G. Pomeroy Keese. 



date of closing, January 7 ; average number of days 
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No. 90.— OUTER ISLAND LIGHTHOUSE, NEAR ASHLAND, WIS. 
[460 56/ latitude north. Altitude, G00.69 feet. 90<> 25' longitude west.] 



Year. , Opened. , Closed. 



1874 May 5 

1875 1 May 17 

1876 i Mav 20 

1877 Apr. 27 

1878 Apr. 7 

1879 Apr. 27 

1880 May 2 

1881 May 13 



Nov. 28 
Nov. 29 
Dec. 1 
Nov. 30 
Nov. 30 
Dec. 12 
Nov. 16 
Nov. 22 



Year. Opened. Closed. 



1882 Apr. 28 

1883 ' May 8 

1884 May 10 

1885 May 12 

1886 May 7 

1887 May 10 

1888 ! Mav H 



1889. 



Apr. 17 



Nov. 28 
Nov. 29 
Nov. 29 
Nov. 29 
Nov. 28 
Nov. 26 
Nov. 27 
Nov. 26 



Year. 



1890. 
1891. 
1802. 
1893. 
1894. 
1895. 
1896. 



Opened. Closed. 



Apr. 22 I Xov. 26 

May 8 , Nov. 26 

May 1 I Nov. 23 

' Mav 12 Nov. 22 

; Apr. 25 Nov. 20 

Apr. 18 Nov. 25 

Apr. 25 ' 



Average date of opening, May 3 ; average date of closing, November 27 ; average number of days 
closed, 157. 
Authority: Commander William Folger, U. S. N., Eleventh light-house district. 

No. 91.— OWEN SOUND, ONTARIO. 
[44° 34' latitude north. Altitude, 579.60 feet. 80° 55' longitude west.] 



Year. 



Opened. 



1867 1 Apr. 16 



1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 



Apr. 15 
Apr. 24 
Apr. 18 
Mar. 22 
May 9 
May 7 
May 4 
May 15 
May 4 



Closed. 



Nov. 29 
Dec. 2 
Nov. 28 
Dec. 5 
Dec. 4 
Dec. 1 
Dec. 11 
Nov. 31 
Dec. 2 
Dec. 6 



Year. 



1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 



Opened. 



May 1 

Mar. 19 

Apr. 22 

Mar. 2 

Apr. 26 

Mar. 20 

Apr. 26 

Apr. 26 

May 3 

Apr. 15 



Closed. 



Dec. 8 
Dec. 14 
Dec. 4 
Dec. 1 
Dec. 31 
Dec. 13 
Nov. 17 
Dec. 1 
Dec. 10 
Dec. 11 



Year. 



1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 




Apr. 30 
May 4 
Apr. 14 
Apr. 14 
Apr. 18 
May 6 
Apr. 12 
Mar. 17 
Apr. 20 
1896 ; Apr. 20 



Closed. 



Deo. 8 

Dec. 4 

Dec. 7 

Dec. 8 

Nov. 3C 

Dec. 6 

Dec. 4 

Dec. 3 

Dec. 28 



Averasie date of opening;, April 19; average date of closing, December 6; average number of days 
olosed, 1^4. 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Reports of the Department 
of Railwavs and Canals, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Canada, 1896. 

No. 92.-PASSAGE ISLAND LIGHT-HOUSE, LAKE SUPERIOR. 





[48° 14' latitude north. Altitude, 600.69 feet. 88° 22' longitude west.] 




Year. 


Opened. 

May 1 
May 8 
May 17 
May 1 


Closed. 1 Year. 


Opened. Closed. , Year. 

1 


Opened. 


Closed. 


1883 


1 

Nov. 30 1888 

Nov. 21 1889 

Nov. 15 1890 

Nov. 11 1891 

Nov. 10 1892 

1 
1 


May 14 
Apr. 30 
Apr. 28 
May 8 
May 1 


Nov. 15 ! 1893 

Nov. 12 1894 

Nov. 28 1895 

Nov. 28 1 1896 

Nov. 26 ! 


May 26 
May 2 
Apr. 18 
Apr. 23 


Nov 22 


1884 

1885 


Nov. 21 
Nov 23 


1886 




1887 


May 15 





Average date of opening. May 5; average date of closing, November 19; average number of daya 
closed, 167. 

Authority: Commander William Folger, U. S. N., Eleventh light-house district. 

Note. — The keeper leaves before ice forms, so as to prevent loss of boat. Compared Avith Port 
Arthur, Ontario, for interpolation for twenty years' period. 

No. 93. -PEARL, ILL. 
[39° 28' latitude north. Altitude, 411.11 feet. 90° 38' longitude west.] 



Year. | Opened. , Closed. 



Year. ' Opened. ' Closed. 



1879. 
1880. 
1881. 
1882. 
1883. 

1884. 



1885. 



Jan. 6 
Mar. 3 
Open. 
Feb. 24 

Feb. 18 

rJan. 11 
^Mar. 9 
iDec. 22 



Dec. 18 
Nov. 18 
Open. 
Dec. 7 
Open. 
/Jan. 2 
\Dec. 17 

i.lan. 17 
Dec. 11 



1886 

1887. 
1888. 
1389. 

1889. 



rFeb. 23^- J 
^^^' 13 iDec.' 15 



Feb. 8 
Feb. 20 



fJan. 12 

J Feb. 7 
IFeb. 20 
[Mar. 1 



Dec. 21 



Jan. 12 

Feb. 7 

^Feb. 20 

Feb. 23 



Year. 



1890. 
1891. 

1892. 

1893. 
1894. 



1895. 
1896. 



Opened. Cloeed. 



Dec. 28 

/Jan. 13 

\Feb. 10 

Jan. 18 



Feb. 


25 


Fob. 


28 


Mar. 


1 


Dec. 


25 


Oi>en 


• 



Dec. 27 

/Jan. 13 

IFeb. 4 

/Jan. 6 

iDec 20 

Deo. 3 

Dec. 27 

Deo. "i 



Average date of opening, February 10; average datio of closing, December 26; Ayersige number of 
days closed, 46. 
Authoritv: Mr. John W. Davis^ridge tender for Chicago and Alton Railway. 
Note. — Compared with Peoria, JQl., for interpolation for twenty years' period. 
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No. 94.— PEORIA, ILL. 
[40O 41' latitude north. Altitude, 432 feet. 89° 87' longitude west.] 



Year. 




Closed. 



Dec. 30 
Nov. 24 
Dec. 13 
Dec. 18 

14 I Nov. 5 
Dec. 18 
Dec. 29 
Dec. 20 ; 
Nov. 13 
Dec. 20 I 

18 I Dec. 15 
1 Dec. 12 
Dec. 18 1 
Dec. 14 I 
Dec. 11 I 
Dec. 16 
Dec. 10 



Year. 



1856. 
1857. 
1858. 
1859. 
1860. 
1801. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1876. 



Opened. 



Mar. 22 

Feb. 18 

Feb. 

Feb. 

Feb. 

Feb. 

Mar. 12 

Feb. 13 

FeU. 

Feb. 

Mar. 

Feb. 

Mar. 

Feb. 

Feb. 

Mar. 

Mar. 

Mar. 14 

Feb. 20 

Mar. 15 



19 
16 
21 
22 



22 
20 

3 
20 

6 

10 
17 

1 

6 



Feb. 14 



Closed. 



Dec. 14 
Nov. 19 
Jan. 21 
Dec. 15 
Nov. 24 
Dec. 21 
Dec. 6 
Dec. 9 
Dec. 9 
Dec. 12 
Dec. 14 
Dec. 8 



Dec. 20 
Dec. 4 
Nov. 25 
Dec. 26 
Dec. 21 



Feb. 3 
Dec. 3 



Year. 



1877 

1878 

1879 

1880 

1881 \ 

18ri2 / 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 



Opened. 



Feb. 15 
Open. 
Mar. 12 
Jan. 2 
Mar. 17 



Closed. 



1892. 

1893. 
1894. 
1895. 
1896. 



Jan. 26 
! Mar. 7 

Mar. 16 
I Mar. 19 
I Mar. 15 
I Feb. 21 
(Mar. 19) 
(Mar. 19) 
Open. 

Feb. 4 

Feb. 9 

Mar. 14 i 
Mar. 10 ! 
Mar. 15 I 
Feb. 24 ' 



Open. 
Dec. 15 
Dec. 12 
Nov. 26 



Jan. 12 
Dec. 8 
Dec. 16 
Dec. 15 
Deo. 7 
Dec. 1 
Nov. 28 
Dec. 15 
Open. 
Open. 
Jan. 12 
/Jan. 2 
\Dec. 19 
Nov. 23 
Dec. 24 
Nov. 26 



Average date of opening, February 21; average date of closing, December 17; average number of 
days closed, 66. 
Authorities: Capt. Henry Detweiller, Miss Mary E. Cleveland, river observer. 
Note.— Compared with Seneca, 111., for interpolation for twenty years' period. 

No. 95.— PERCfi, QUEBEC. 
[48° 31' latitude north. 64° 13' longitude west.] 



Year. 


Opened. 


Closed. 


1867 


May 11 


Nov. 9 


1868 

1869 


May n ' Nov. 14 
May 10 , Nov. 27 
May 6 Nov. 15 


1870 


1871 


May 4 
May 9 
May 9 
Mav 7 
May 17 


Nov. 25 


1872 


Nov. 7 


1873 


Nov. 25 


1874 


Nov. 10 


1875 


Dec. 5 


1876 *... 


May 12 Dec. 7 
May 3 Nov. 23 


1877 









Tear. 




1878 Apr. 16 

1879 ' Apr. 16 

1880 Apr. 19 

1881 Apr. 23 

1882 Apr. 29 

1883 Apr. 2;i 

1884 Apr. 25 

1885 May 1 

1886 Apr. 12 

1887 [ Apr. 20 

1888 Apr. 22 



Dec. 2 
Nov. 27 
Dec. I 
Nov. 17 
Deo. 7 
Nov. 23 
Dec. 1 
Nov. 18 
Dec. 5 
Nov. 23 
Nov. 23 



1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1896. 



Opened. Closed. 



Apr. 20 
Apr. 17 
Apr. 11 
Apr. 15 
Apr. 10 
•Apr. 10 
Apr. 15 



Dec. 
Deo. 
Dec. 
Dec. 
Dec. 
Dec. 



2(K 

21 

24 

&.. 

5. 
2% 



Jan. 



Apr. 15 



Average date of opening, April 25; average date of closing, November 29; average number of days 
closed, 147. 

Authority : Department of Public Works, Dominion of Canada, 1896. 

No.96.— PICTOU, NOVA SCOTIA. 
[45° 41' latitude north . 62° 42' longitude west.] 



Year. 



1867. 
1868. 
1869. 
1870. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 



;} 



Opened. , Closed. 



Year. 



Opened. 



I — 



Apr. 15 
Mar. 25 
Apr. 25 
Apr. 19 
Apr. 1 
May 3 
Apr. 15 
Apr. 7 
Apr. 15 



Jan. 14 
Dec. 27 
Dec. 15 
Dec. 24 
Dec. 18 
Dec. 28 
Dec. 1 
Deo. 27 
Dec. 28 
Dec. 28 



:} 



Apr. 2 
Apr. 30 
Apr. 18 



1879.... 
1880..., 
1881.... 
1882.... 
1882.... 
1883.... 
1884.... 
1885.... 
1886.... 
1887..., 

1888 \i Apr. 16 

1889.... 



:}' 



Apr. 24 
' Apr. 10 
Apr. 17 
Apr. 21 
Apr. 3 
Apr. 11 



Closed. 



Dec. 17 
Dec. 10 



Year. j Opened. 



Jan. 4 

Dec. 30 

Dec. 23 

Dec. 24 

Dec. 31 

Dec. 30 

Dec. 25 



Jan. 14 



1889 \ Mar. 14 

1890 / 

1890 Mar. 21 

1891 \ Apr. 14 

1892 / 

1892 Apr. 3 

1893 Apr. 13 

1894 I Apr. 19 

1895 \ Apr. 19 

1896 / 

1896 Apr. 6 



I 



Closed. 



Jan. 6 
Dec. 12 



Jan. 
Dec. 
Dec. 
Dec. 



21 
23 
15 
24 



Jan. 6 



Average date of opening, April 12 ; average date of closing, December 25 ; average number of days 
closed, 108. 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Reports of the Depart- 
ment of Railways and Canals, Dominion of Canada, 1883-1889; Department of Public Works, 
Dominion of Canada, 1896. 
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No. 97.— PIERRE, S. DAK. 
[440 24' latitude nortb. Altitade, 1,426 feet. 100° 17' longitude west.] 



Tear. 


Opened. 


Closed. 


Year. 


Opened. Closed. 


1 

Year. 


Opened. 


Closed. 


1874 


Mar. 24 
Apr. 10 


Nov. 18 
Nov. 16 
Nov. 22 
Dec. 16 
Dec. 7 
(Oct. 15) 
(Nov. 4) 
(Nov. 8> 


1 1882 

188;i 


1 
(Apr. 7) (Nov. 9) 
(Apr. 17) Nov. 26 
Mar. 26 Dec. 16 
Mar. 18 Deo. 7 
Mar. 23 (Oct. 31) 
Apr. 18 , Nov. 26 
Apr. 17 Nov. 16 
Apr. 18 Nov. 25 


1890 

1891 

1892 

1893 

1894 

1895 

1896 


Apr. 6 
Mar. 12 
Mar. 27 
Apr. 7 
Apr. 6 
Mar. 21 
Mar. 27 


Nov. 30 


1875 


Nov. 24 


1876 


1884 

; 1885 

1886 

. 1887 

1888 

1 1889 

1 


Dec 2 


1877 Mar. 27 

1878 1 Mar. 18 

1879 Mar. 23 

1880 (Anv. U\ 


Nov. 22 
Nov. 18 
Nov. 22 


1881 


(Apr. 12) 





Average date of opening, Marcb 30; average date of closing, November 28; average number of days 
closed, 122. 

Authorities: United States Weather Bureau, Mr. Frank O. Stetson, observer Weather Bureau, 
Pierre. 

NoTB.— Dates from 1874-1889 are for Fort Snllv,when station was removed to Pierre. Dates from 
1890-1896 are for Pierre, 12 miles below Fort Sully. Compared with Mankato, Minn., for interpola- 
tion for twenty years' period. ' 

No. 98— PITTSBURG. PA. 

[40° 32' latitude north. Altitude, 699 feet. 80<) 02' longitude west.] 



Year. 


Opened. 

Open. 
Onen. 


Closed. 

1 

1 

Open. 1 

Onnn . 1 


Year. 


Opened. 


Closed. 


I Year. 

1 


Opened. 


Closed. 


1870 


! 

1879 Onen. 


OnftTi. 


1888 

, 1889 

1 1890 

1891 

1 1892 


Open. 
Fit ? . ice. 
Open. 
Open. 

f)llAfl. 


Fltg. ice. 
Open. 
Open. 
Open. 
Deo 28 


1871 


1880 Open. Open. 

1881 1 Open. Open. 

1882 1 ODon. ' Onftn. 


1872 


Open. Open. 
Open. OnATi. 


1873 


1874 


Open. 
Open. 
Open. 
Open. 
Open. 


Open. 1 

Open. 

Open. 

Open. 

Open. 


1883 \ Open. 

1884 On«n. 


Open. 


1875 


1893 .TflTi 2« 


Open. 
Open. 
Feb 3 


1876 


1885 

1886 

1887 


Open . On«Ti . 


1894 

1895 

1896 


Open. 
Feb. 28 
Jan. 6 


1877 


Open. 
Open. 


Open. 
Open. 


1878 


Jan. 4 







Average date of opening, January 29 ; average date of closing, January 27 ; average number of days 
closed, 22. 
Authorities: Rep(>rt of United States Chief Signal Officer; Mr. T. P. Roberts. 

NO.99.-P0INT PLEASANT, W. VA— KANAWHA RIVER. 
[380 53' latitude north. Altitude, 510 feet. 82'^ 10' longitude west.] 



Year. 



1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 

1880. 



Opened. 



Dec. 25 
Feb. 11 



Feb. 13 
Dec. 14 
Jan. 13 
Open. 
Jan. 11 
Dec. 12 
Oi)en 



Closed. 



Year. 



Deo. 20 
Jan. 29 



n 



Jan. 10 
Dec. 9 
Jan. 2 
Dec. 27 
Open. 



Dec. 12 



Opened. Closed. 



1881 . (Jan.ll) 

1882 (Open.) 

188« I (Open.) 

1884 1 (Open.) 

1885 1 /Feb.l7) 

1886 { '^«"- 24 

1887 



1888. 
1889. 



Feb. 


]U 


Jan. 


a«{ 


Jan. 


2 


Open 


• 



(Jan. 2) 
(Open.) 
(Open.) 
(Open.) 
(Feb. 11) 
Jan. 10 
Feb. 3 
Jan. 9 
Dec. 30 
Open. 
Open. 



Year. ! Opened, j Closed 



1890. 
1891. 
1892. 
1893. 
1894. 



1895. 
1896. 



Open. 
Open. 
Open. 
Jan. 31 
Open. 
Jan. 5 
Feb. 28 
Jan. 8 



Open. 




Open. 




Dec. 


25 


Open. 




Dec. 


29 


Jan. 


31 


Jan. 


4 



Average date of opening, January 18; average date of closing, January 6; average nunkber of dajB 
dosed, 12. 
Authorities: Col. G. B. Thomas, Mr. H. Fry, Mr. Robert Kiger. 
Note. — Compared with Charleston, W. Va., for interpolation for twenty years' period. 
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No. 100— PORT ARTHUK, ONTARIO. 
[iSP 24' latitude north. Altitude, 600.69 feet. 99° 28' longitude went.] 



Tear. | Opened. Closed. 



1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1878. 
1879. 



:} 



May 9 
May ]1 
May 16 
Apr. 28 
Mar. 17 



Apr. 23 
Apr. 25 



Dec. 15 
Dec. ^ 



Dec. 23 
Dec. 27 



Jan. 10 
Dec. 30 
Dec. 28 



Tear. 



Opened. 



1880 : Apr. 28 

1881 Apr. 25 

1882 Apr. 28 

1883 May 8 

1884 1 MaV 16 

1885 i May 13 

1886 1 Apr. 20 

1887 1 May 11 

1888 1 May 21 



Cloeed. 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



30 
31 
27 I 

22 > 
14 ; 

20 I 
22 I 
29 ! 



Tear. 



1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



Apr. 13 
May 2 
May 2 
May 1 
May 22 
May 3 
Apr. 29 
Apr. 27 



Closed. 



Dec. 21 

Dec. 21 

Dec. 28 

Dec. 18 

Dec. 15 

Deo. 10 

Dec. 20 



Average date of opening, May 1 ; average date of closing, December 21 ; average number of days 
closed, 131. 

Authorities: Annaal Reports of the Det^artment of Railways and Canals, Dominion of Canada, 
1883-1889; Department of Public Works, Dominion of Canada, 1896. 



No. 101.— PORT AUSTIN LIGHT-HOTJSE, MICHIGAN. 
[45° 05' latitude north. 82^ 58' longitude west.] 



Tear. Opened. 


Closed. 


Tear. 

1885 

1886 

' 1«87 


Opened. 


Closed. ' Tear. Opened. Closed. 


1879 


Apr. 7 
Mar. 9 
Apr. 28 
Mar. 5 
Apr. 17 
Apr. 11 


Dec. 13 
Dec. T 
Dec. 24 


Apr. 27 
Apr. 14 
Apr. 15 
Apr. 15 
Apr. 1 
Mar. 29 


Doc. 10 I 1S91 

Dec. 6 '' 1892 


Apr. 9 
Anr. 6. 


Deo. 18 


1880 


Dftr.. 20 


1881 


Dec. 19 1893 1 Anr. 9 i T)«c- 13 


1882 


Doc. 8 \\ 1888 

Dec. 13 ,; 1889 

Dec. 14 i! 1890 


Dec. 14 1 1894 

Dec. 31 1895.- 


Mar. 16 
Apr. 9 
Apr. 8 


Dec. 20 


1883 


Dec. 10 


1884 


Dec. 24 i 

1 


1896 








! 





Average date of opening, April 6; average date of closing, December 17; average number of days 
closed, 110. 
Authority: Commander William Folger, U. S. N., Eleventh light-bou8e district. 
Note.— Compared with Port Huron, Mich., for interpolation for twenty years' period. 

No. 102.— PORT DOVER, ONTARIO. 
[420 47/ latitude north. Altitude, 571.35 feet. 80^ 13' longitude west.] 



Tear. 



1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 



Opened. Closed. 



Tear. i Opened. I Closed. 



Tear. 



Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
May 
Apr. 



6 

16 
24 
22 

3 
30 
28 
15 

6 
19 



Dec. 9 i 
Dec. 2 ! 
Dec. 6 , 
Dec. 6 I 
Dec. 29 j 
Dec. 2 !' 
Nov. 22 n 
Nov. 24 I 
Nov. 26 i 
Dec. 14 !i 



1877 ' Apr. 25 

1878 .VI ar. 12 

1879 ; Apr. 29 

1880 Apr. 2 

1881 1 Apr. 30 

1882 Mar. 25 

1883 Apr. 17 

1884 Apr. 17 

1885 Apr. 28 

1886 A])r. 8 



Dec. 13 '; 
Dec. 10 , 
Dec. 27 
Nov. 25 ; 
Nov. 3 . 
Nov. 6 I 
Dec. 1 ' 
Deo. 11 , 
Dec. 1 ' 
Dec. 4 



1887. 
1888. 
1889. 
1890. 
1891. 
18!V2. 
189:t. 
1894. 
1895. 
18i)«. 



Opened. Closed. 



Apr. 8 

Apr. 7 

Apr. 2:{ 

Apr. 11 

Apr. 14 

Apr. 4 

Apr. 20 

Apr. 3 

Apr. 15 

Apr. 3 



Dec. 
Dec. 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



16 
12 
18 

6 
20 
20 

2 
15 
12 



Average date of opening, April 15; average date of closing, December 4; average number of days 
closed, 132. 
Authority: Department of Public Works, Doniiniou of Canada, 1896. 
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No. 103.— PORT HOPE, ONTARIO. 
[43° 56' latitude north. Altitude, 244.53 feet. 78° 15' longitude west.] 



Year. 


Opened. 


1867 


Apr. 1 
Apr. 1 
Apr. 1 
Apr. 1 
Mar. 23 
Apr. 1 
Apr. 1 
Apr. 1 
Apr. 1 
Apr. 1 
Apr. 1 


1868 


1869 


1870 


1871 


1872 


1873 

1874 


1875 


1876 


1877 





Closed. 



Dec. 11 
Dec. 7 
Deo. 11 
Dec. 13 
Dec. 6 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 11 
Dec. 11 



Year. 



1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 



Opened. 



Apr. 1 
Aj>r. 1 
MTar. 30 
Apr. 1 
Mar. 29 
Apr. 1 
Apr. 1 
Apr. 15 
Apr. 2 
Apr. 7 
Apr. 13 



Closed. 


Dec. 


8 


Dec. 


9 


Dec. 


15 


Dee. 


6 


Dec. 


8 


Dec. 


13 


Dec. 


12 


Deo. 


18 


Dec. 


7 


Dec. 


12 


Dec. 


10 



Year. 



1889 
1890 
1«91 
1892 
1893 
1894 

1895 

1896 



Opened. 



CloBod. 



Apr. 2 Dec. 8 

Mar. 20 Dec. 5 

Apr. 5 Dec. 15 

Apr. 8 De<i. 12 

Apr. 3 Open. 

Open. Open. 

Apr. 13 Ujy^ g 

Apr. 15 



Average date of opening, April 3; average date of closihg, December 15; average number of days 
closed, 109. 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Reports of the Department 
of Railways and Canals, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Canada, 1896. 

No. 104.— PORT HURON, MICH. 
[430 00' latitude north. Altitude, 579.6 feet. 82° 26' longitude west.] 



Year. 



1871 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 



Opened. I Closed. 



Mar. 16 
Apr. 12 
Apr. 14 
Mar. 23 
Apr. 10 
Apr. 6 
Apr. 23 
■Mar. 24 
Apr. 3 



Nov. 30 
Nov. 23 
Nov. 19 
Dec. 20 
Dec. 11 
Dec. 16 
Dec. 9 
Dec. 15 
Dec. 14 



Year. 



1880. 
1881. 
1882. 
1883. 
1884. 
1884. 
1885. 
1886. 
1887. 



Opened. 



Closed. 



Mar. 22 
Apr. 27 
Mar. 7 
Apr. 18 



Apr. 8 
Apr. 23 
Mar. 28 
Apr. 12 



Dec. 


10 


Nov. 


21 


Dec. 


10 



Jan. 5 
Nov. 13 
Dec. 16 
Dec. 12 ! 
Dec. 10 




Opened, j Closed. 



Mar. 10 
Apr. 1 
Mar. 30 
Apr. 19 
Apr. 2 
Apr. 1 
Mar. 11 
Apr. 7a 
Apr. 8a 



Dec. 11 

Dec. 11 

Dec 25 

Dec. 22 

Dec. 15 

Deo. 13 

Dec. 196 

Dec 28^ 



a First boat. 



b Last boat. 



Average date of opening, April 4 ; average date of closing, December 11 ; average number of days 
closed, 114. 

,-A4ithorities : United States Weather Bureau, 1896; Mr. W. M. Edmondson, observer Weather 
Bureau, Port Huron, 1896. 

No. 105.— FORT STANLEY, ONTARIO. 
[420 40' latitude north. Altitude, 571.35 feet. 81° 13' longitude west.] 



Year. 



1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 



Opened. 


Apr. 


1 


Apr. 


1 


Apr. 


1 


Apr. 


10 


Mar. 


20 


Apr. 


10 


Apr. 


1 


Mar. 


20 


Apr. 


10 


Apr. 


1 


Apr. 


10 


Apr. 


1 



Closed. 



Dec. 10 
Dec. 10 
Dec. 5 
Dec. 10 
Dec. 20 
Dec. 5 
Dec. 5 
Dec. 5 
Dec. 20 
Dec. 5 
Dec. 10 
Ded 10 



Year. 



1879. 
1880. 
1881, 
1K82. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1889. 



:} 



Opened. Closed. 



Apr. 5 
Mar. 20 
Apr. 10 
Apr. 1 
Apr. 14 
Apr. 1 
Apr. 21 
Mar. 21 
Apr. 4 
Mar. 31 



Mar. 15 



Dec. 20 
Dec. 15 
Dec. 10 
Dec. 10 
Dec. 28 
Dec. 19 
Dec. 22 
Dec. « 
Dec. 23 



Feb. 9 
Dec. 28 



Year. 



1890. 
1891. 
1892. 
1892. 
1893. 
1894. 
1894. 
1895. 
1896. 



:} 



Opened. 



Mar. 27 
Mar. 17 



Feb. 26 
Mar. 25 



Mar. 14 
Apr. 4 
Mar. 29 



Closed. 



Dec 


24 


Jan. 
Dec. 


2& 


Jan. 
Dec. 
Dec 


27 

1» 



Average date of opening, March 30 ; average date of closing, December 18 ; average number of day* 
closed, 102. 

Authorities : General rei)ort Public Works, Canada, 1867-1882 ; Annual Report of the Department of 
Railways and Canals, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Canada, 1896. 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



235 



No. 106.— PORTAGE RIVER LIGHT-HOUSE, MICHIGAN. 
[46° 59' latitude north. Altitude, 600.69 feet. 88o 24' longitude west.] 



Year. 



1874.. 
1875. - 
1876. . 
1877.. 
1878.. 
1879.. 
1880.. 
1881 . . 



Opened. Closed. '! Year. 



May 6 
May 11 
May 6 
Apr. 29 
Mar. 16 
Apr. 25 
Apr. 20 
May 1 



Nov. 30 
Nov. 27 
Dec. 7 
Dec. 11 
Deo. 2 
Nov. 30 
Nov. 22 
Nov. 30 



1882. 

188?. 
1 1 1884. 
1! 1885. 
' 1886. 
I 1887. 

1888. 

1889. 



Opened. 


Closed. 


Apr. 18 


Deo. 4 


May 1 


Nov. 30 


May I 


Dec. 4 


May 2 


Dec. 5 


Apr. 28 


Deo. 15 


May 2 


Nov. 30 


May 7 


Dec. 3 


Apr. 15 


Doc. 1 



Year. 



, 1890. 

I 1891. 

I 1892. 

i 1893. 

I 1894. 

I 1895. 

' 1896, 



Opened. 


Apr. 


21 


Apr* 


26 


Apr. 
May 


21 

7 


Apr. 


20 


Apr. 


19 


Apr. 


20 



Closed. 



Dec. 


6 


Dec. 


5 


Dec. 


9 


Dec. 


5 


Dec. 


4 


Dec. 


5 



Average date of opening, April 25; average date of closing, December 3; average number of days 
closed, 143. 
Authority: Commander William Folger, U. S. N., Eleventh light-house district. 

No, 107.-PORTE DES MORTS LIGHTHOUSE, WISCONSIN. 
[45° 17' latitude north. Altitude, 579.60 feet. 86° 55' longitude west.] 



Year. 



1887. 
18^8. 
1889. 
1890. 
1891. 



Opened. 


Apr. 


20 


Apr. 


22 


Apr. 


2 


Apr. 


8 


Apr. 


20 



Closed. 



Dec. 15 
Dec. 31 
Dec. 15 
Dec. 9 
Dec. 16 



Year. 



1892. 

1893. 
1894. 
1895. 



Opened. Closed. 



Apr. 10 ' Dec. 18 
Apr. 18 , Dec. 13 

Mar. 28 

Eeb. 4 



Tear. 



Opened. 



1895. 
1896. 
1896. 



Apr. 15 



Mar. 31 



Closed. 



Jan. 9 



Average date of opening, April 10; average date of closing, December 24; average number of days 
closed, 107. 

Authority : Commander J. H. Dayton, U. S. N., Ninth li^ht-house district. 

Note. — Compared with Escanaba, Mich., for interpolation for twenty years' period. 

No. 108.-POVERTY ISLAND LIGHT-HOUSE, MICHIGAN. 

[45° 31' latitude north. Altitude, 579.60 feet. 86° 40' longitude west.] 



Year. 



1887 
1888 
1889 
1890 



Opened. 


1 
Closed. 


Apr. 25 
Apr. 24 
Apr. 1 
Apr. 5 


Dec. 6 
Dec. 6 
Dec. 8 
Dec. 7 



Year. 



1891 
1892 
1893 
1894 



Opened. 


Apr. 
Apr. 
Apr. 
Apr. 


14 
12 
22 

7 



Closed. 



Dec. 7 
Dec. 9 
Dec. 7 
Dec. 10 



Year. 



1895. 
1896. 



Opened. 



Apr. 14 
Apr. 14 



Closed. 



Dec. 10 



Average date of opening, April 13 ; average date of closing, December 8 ; average number of days 
closed, 126. 
Authority : Commander J. H. Dayton, U. S. N., Ninth li^ht house district 
Note. — Compared with Alpena, Mich., for interpolation for twenty years' period. 
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No. 109.— QUEBEC, PROVINCE OF QUEBEC— ST. CHARLES RIVER. 
[46° 39' latitude north. Altitude, 6.11 feet. 71° 12' longitude west.] 



Year. ! Opened. 



Closed. 



1814 
1815 
1816 
1817 
1818 
1819 
1820 
182L 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 



Apr. 28 
Apr. 28 
Apr. 3 
May tia 
Apr. 27 
Apr. 30 
Apr/ 24 
May 3 
Apr. 29 
Apr. 25 
Apr. 20 
Apr. 19 
Apr. 22 
Apr. 14 
Apr. 12 
Apr. 18 
Apr. 17a 
Apr. 21 
Apr. 29 
Apr. 19 
Apr. 18 
May 4a 
May 10a 
May 2a 
May la 
Apr. 23 
Apr. 21 
May 4a 



Dec. 
Dec. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 



7 
5 
29 
5 
1 
7 
1 



Dec. 


3 


Dec. 


11 


Dec. 


21 

• •  • 


Dec. 


"46 


Nov. 


306 


Nov. 


306 


Nov. 


256 


Dec. 


9 


Dec. 


1 


Dec. 


1 


Dec. 


12 


Nov. 


26 


Dec. 


19 


Dec. 


2 


Dec. 


14 



Year. 



I 



1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 



Oi>ened. 



Apr. 26 
May 5a 
Apr. 23 
Apr. 23 
Apr. 14 
May 11 
Apr. 18 
Apr. 24 
Apr. 26 
Apr. 22a 
Apr. 30a! 
Apr. 26 ; 
May 5a 
May 8 a 
Apr. 22 
Apr. 28c 
Apr. 16 
Apr. 26 
Apr. 20 
Apr. 26 
Apr. 11 
May la 
Apr. 19 
Apr. 18 
Apr. 27 
Apr. 17 
Apr. 23c 
Apr. 27c 



Closed. I Year. 



Dec. 2 
Dec. 1 
Nov. 29 
Dec. 2 
Dec 
Dec 



9 I 
3 I 
Dec. 5 I 
Dec. 7 
Dec. 10 ; 
Dec. 5 < 
Dec. 19 
Dec. 3 
Dec. 5 
Nov. 27 
Dec. 2 , 
Dec. 4 I 
Deo. 3 
Nov. 29 
Dec. 8 
Dec. 17 
Dec. 5 
Dec. 4 
Dec. 13 
Dec. 9 ' 
Dec. 15 ' 
Nov. 296 
Dec. 1 
Nov. 30 



1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1880. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
May 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 



16 

17c 

27 

28 

28 

26 

6a 
25 
20 
29 

3 

1 
22 
23 
20 
29 
11 
30 
19 
13 
23 
20 
19 
HO 
19 
17 
27 



Closed. 



Dec. 26 
Bee. 1 
Nov. 266 
Nov. 226 
Nov. 256 
Nov. 236 
Nov. 246 
Nov. 266 
Kov. 25 
Nov. 28 
Nov. 27 
Nov. 28 
Dec. 2 
Dec. 1 
Dec. 14 
Dec. 7 
Dec. 
Nov. 
Nov. 23 
Dec. 4 
Dec. 
Dec. 
Dec. 
Dec. 
Nov. 27 
Dec. 2 



4 

28 



1 

17 
20 

4 



a First steamer. 



6 Last steamer. 



c Ships from sea. 

Average date of opening, April 21; average date of closing, December 4; average number of days 
closed, 138. 

Authorities : Greneral Re^rt Public Works, Canada, 1867-1882 ; Annual Reports, Department of 
Railways and Canals, Dominion of Canada, 1883-1887 ; Mr. Simons, engineer to the Quebec harbor 
commissioners, 1876; Department of Public Works, Dominion of Canada, 1896; Mr. Jas. Wood, secre- 
tary and treasurer Quebec harbor commissioners. 

No. 110.— QUINCY, ILL. 
[390 55' latitude north. Altitude, 458 feet. 91° 25' longitude west.] 



Year. 


Oi)ened. 


Closed. 


Year. 


Opened. 


Closed. 


Year. 


Opened. 


Cloeed. 


1876 




Nov. 30 
Dec. 29 
Dec. 13 
T)«p.. 11 


1885 

1 1886 

1 1887 

1888 

1889 

! 1890 

' 1891 X 

1892 / 


Mar. 13 
Mar. 8 
Feb. 27 
Mar. 14 
Mar. 10 
Mar. 19 
Mar. 19 


j 
Dec. 5 
Nov. 24 
Dec. 4 
Deo. 11 
Nov. 25 
Dec. 6 


1893 \ 

1894 / 


Mar. 2 




1877 


Feb. 19 
Jan. 14 
Mar. 7 


J'an. 25 


1878 


; 1894 

1895 

1896 

1 
1 

1 

1 


Mar. 3 
Feb. 28 
Feb. 21 


Deo. 29 


1879 


Dec. 9 


1880 


Jan. 16 1 Nov. 16 
Mar. 21 Dec. 27 
Jan. 29 Dec. 9 
Mar. 5 Dec. 8 
Mar. 23 Dfio. 12 




1881 




1882 




1883 


Jan. 7 
Dec. 20 




1884 


1892 


Feb. 5 













Average date of opening, February 27 ; average date of closing, December 13 ; average namber of 
days closed, 76. 

Authorities: Mr. J. M. Hym»u, superintendent railroad bridge; Mr. E. J. Blake, chief enpneer 
Chicago, Burlington and Quincy Railroad Company. 

No. 111.— ROCHESTER, N. Y. 
[43° 08' latitude north. Altitude, 508 feet. 77° 42' longitude west.] 



Year. 



1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. 


Closed. 

1 


Mar. 23 


Dec. 


17 


Apr. 19 


Dec. 


3 


Apr. 8 


Deo. 


1 


Apr. C^ 


D€»C. 


21 


Apr. 4 


Dec. 


1 


Apr. 7 


Dec. 


2 


Mar. 24 


Dec. 


19 


Mar. 26 


Dec. 


5 



Year. 



1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 



Opened. 


Closed. 
Dec. 8 


Mar. 80 


Apr. 9 


Dec. 12 


Apr. 4 


Dec. 21 


Apr. 24 


Dec. 15 


Apr. 4 


(Dec. 13) 


(Apr. 10) 


(Dec. 10) 


(Apr. 15) 


(Dec. 5) 


(Apr. 5) 


(Dec. 12) 



Year. 




1890 
1891 
1891 
1892 
1893 
1894 
1895 
1896 



(Apr. 5) 
(Apr. 6) 
(Apr. 6) 
(M!ar. 31) 
(Apr. 20) 
(Apr. 15) 



Cloaed. 



(Jan. 11) 
(Dec. 23) 
(Dec. 15) 
(Dec. 11) 
(Dec. 12) 
(Dec. 13) 



Average date of opening, April 5 ; average date of closing, December 9 ; average namber of days 
closed, 117. 
Authority: United States Weather Bureau. 
Note.— Compared with Oswego, N. Y., for interpolation for twenty years* period. 
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No. 112.— ROCK ISLAND, ILL. 
[41° 29' latitude north. Altitude, 541 feet. 90° 37' longitude west.] 



Tear. 




1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 



Mar. 4 
Mar. 3 
Mar. 1 
Mar. 10 
Mar. 19 
Mar. 22 
Open. 
Open. 
Mar. 5 
Mar. 5 
Apr. 1 
Open. 
Mar. 5 
Mar. 16 
Apr. 4 
Apr. 6 



Closed. 


Dec. 


16 


Dec. 


17 


Dec. 


25 


Dec. 


31 


Dec. 


22 


Dec. 


2 


Open 


 


Open 


• 


Dec. 


19 


Dec. 


20 


Dec. 


21 


Open 


• 


Dec. 


12 


Dec. 


7 


Deo. 


11 


Dec. 


23 


Dec. 


7 



Tear. Opened. 



1868. 
1869. 
1870. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 



Mar. 12 
Feb. 14 



Closed, jj Tear 



Mar. 27 
Feb. 28 
Mar. 27 
Mar. 15 
Mar. 2 
Apr. 6 
Jan. 1 
Mar. 28 
Open. 
Mar. 19 
Jan. 13 
Apr. 20 
Open. 
Mar. 21 



Dee. 28 

Jan. 19 i' 
Dec. 20 
Nov. 28 I' 
Nov. 30 
Dec. 4 
Dec. 29 
Dec. 16 
Nov. 30 
Open. I 
Dec. 10 
Dec. 11 
Nov. 20 
Open. 
Dec. 6 
Dec. 16 



1884. 
1885. 
1886. 
1887. 
1888. 
1839. 
1889. 
1890. 
1890. 
1891. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



:} 



Opened. 



Mar. 27 
Mar. 31 
Mar. 19 
Mar. 17 
Mai'. 24 



Mar. 12 
Mar. if 



Mar. 17 
Mar. 15 
Mar. 31 
Mar. 6 
Mar. 20 
Feb. 26 



Closed. 



Dec. 15 

Dec. 6 

Nov. 80 

Dec. 20 



Jan. 9 
Jan. 20 



Jan. 9 

Jan. 2 

Dec. 22 

Dec. 30 

Deo. 27 

Dec. 31 



Average date of opening, November 14 ; average date of dosing, December 28 ; average number of 
days closed, 76. 
Authorities : Mr. C. H. Stoddard ; Mr. T. J. Bobinson, president Kock Island National Bank. 

No. 113.— EOUSE POINT, N. T. 
[U° 59' latitude north. Altitude, 95.03 feet. 73° 22' longitude west. J 



Tear. 



1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 



Opened. 



Apr. 17 



May 2a 
Apr. 10 
Apr. 4a 
Mar. 28a 



Closed. 

! 
i 


Nov. 


25 


Dec. 


1 


Dec. 


22 


Dec. 


17 


Dec. 


3 


Nov. 


22 


Dec. 


10 


Nov. 


28 



Year. 



1883. 
1884. 
1H85. 
1886. 
1887. 
1888. 
1889. 



Opened. 



May 3a 
Apr. 19 
Apr. 18a 
Apr. 19 
May 1 
May 7a 
Apr. 18 



Closed. 


Nov. 


30 


Dec. 


1 


Deo. 


3 


Dec. 


11 


Dec. 


2 


Deo. 


19 


JL'OC* 


13 



Tear. 



1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Apr. 7 
Apr. 13 
Apr. 12 
Apr. 26 
Mar. 28a 
Apr. 18a 
Apr. 20 



Closed. 



Dec. 4 

Deo. 1 

Nov. 29 

Dec. 5 

Nov. 28 

Dec. 3 



a First boat passed bridge. 

Average dat« of opening, April 17; average date of closing, December 5; average number of days 
closed, 133. 

Authorities: Mr. F. W. Baldwin, general manager Vermont Central Kailway; Mr. £. H. Starks, 
bridge tender, Vermont Central Railway at Richelieu River. 

No. 114.— SAGINAW RIVER LIGHT RANGES, MICHIGAN. 
[43° 38' latitude north. 83° 50' longitude west.] 



Tear. 



1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. 



Mar. 24 
Apr. 20 
Apr. 15 
Apr. 18 
Mar. 7 
Apr. 6 
Mar. 2 
Apr. 25 



Closed. 



Deo. 7 
Dec. 2 
Dec. 2 
Dec. 31 
Deo. 14 
Dec. 17 
Nov. 23 
Dec. 31 



Tear. 



1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 



Opened. 



Mar. 6 
Apr. 16 
Apr. 12 
Apr. 24 
Apr. 17 
Apr. 18 
Apr. 16 
Mar. 29 



Closed. 


Dec. 


7 


Dec. 


16 


Dec. 


12 


Dec. 


9 


Dec. 


4 


Dec. 


4 


Dec. 


17 


Dec. 


30 



Tear. 



1890 
1891 
1892 
1893 
1894 
1896 
1896 



Opened. 



Apr. 1 
Apr. 7 



Closed. 



Dec. 4 
Dec. 14 



Apr. 6 Dec. 12 

Apr. 14 Dec. 2 

Apr. 1 Dec. 6 

Apr. 20 Dec. 3 

Apr. 8 



Average date of opening. April 7; average date of closing, December 10; average number of days 
closed, 118. 
Authority: Commander William Folger, U. S.N., Eleventh light-house district. 
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No. 115.— ST. PAUL, MINN. 
[ 440 58' latitude north. Altitude, 083 feet. 93° 03' longitude west.] 



Yeur. Opened. ' Closed. 



Tear. 



Opened. Closed. 



1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 



I Apr. 17 I 
Apr. 18 
May 1 I 
Mar. 25 
Apr. 20 I 
Mar. 28 , 
Apr. 8 
Apr. 18 I 
Apr. 6 I 
Apr. 14 
Apr. 15 
Apr. 19 
Apr. 21 
Apr. 4 



Nov. 19 
Nov. 10 
Nov. 16 
Nov. 16 
Nov. 29 
Nov. 23 
Nov. 25 
Nov. 15 
Nov. 24 
Nov. 
Dec. 
Nov. 
Nov. 
Nov. 



11 

1 

23 

29 

1 



1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 



Apr. 


19 


Apr. 


10 


Apr. 


10 


Apr. 


23 1 


Apr. 


17 i 


Apr. 


23 1 


Apr. 


25 


Apr. 


22 1 


Apr. 


17 i 


Apr. 


20 ! 


Apr. 


21 , 


Apr. 


14 ' 


Apr. 


15 


Apr. 


10 

1 




Opened. I Closed 



Nov. 20 
Nov, 6 
Nov. 20 
Nov. 15 
Nov. 12 
Nov. 16 
Nov. 17 
Nov. 19 
Nov. 27 
Dec. 1 
Oct. 25 
Nov. 16 
Nov. 18 
Nov. 19 



20 


Nov. 


5 


16 


Nov. 


V 


21 


Nov. 


'.•i 


17 


Nov. 


IJ 


20 


Nov. 


a 


20 


Dec. 


»i-l 


6 


Nov. 




24 


Dec. 


<i 


30 


Nov. 


2i 


21 


Nov. 


•' 


30 


Dec. 


Am 


7 


Nov. 


3 


21 


Nov. 


i* 



9 



Average date of opening, April 13; average date of closing, November 21; average number of day§ 
closed, 143. 
Authorities : United States Weather Bureau, 1871-1895 ; Mr. P. F. Lyons, St. Pan! Weatber Bnreaa, 1896. 

No. 116.- SAND BEACH LIGHT- HOUSE, MICHIGAN. 
[43° 51' latitude north. Altitude, 579.60 feet. 82° 37' longitude west.] 



Year. 



1879 
1880 
1881 
1882 
1883 
1884 



Opened. 



Closed. 



Apr. 4 I Dec. 17 
Mar. 22 I Dec. 9 



Apr. 26 
Mar. 8 
Apr. 18 



Dec. 31 
Dec. 9 
Dec. 14 



Apr. 9 I Dec. 18 



Year. 



Opened. 



1885 , Apr. 25 

1886 Apr. 1 

1887 ! Apr. 12 

1888 Apr. 5 

1889 ' Mar. 31 

1890 1 Mar. 14 



Closed. 



Dec. 10 
Dec. 16 
Dec. 22 
Dec. 21 
Dec. 31 
Dec. 25 



Year. 



1891 
1892 
1893 
1894 
1895 
1896 



Opened. Closed. 



Apr. 1 ' Dec. So 

Apr. 6 ' Dec. 31 

Apr. 8 Dec. 19 

Mar. 10 Dec. T, 



Apr. 7 
Apr. 8 



Dec 19 



Average date of opening, April 3; average date of closing, December 20; average number of days 
closed, 104. 
Authority: Commander William Folger, U. S. N., Eleventh light-house district. 
Note.— Compared with Port Huron, Mich., for interpolation for twenty years' period. 

No. 117.— SANDUSKY BAY, OHIO— CEDAR POINT LIGHT-HOUSE. 
[41° 25' latitude north. Altitude, 571.35 feet. 82° 40' longitude west.] 



Year. 



1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 



Opened. 



Apr. 


1 


Apr. 


1 


Mar. 


18 


Mar. 


7 


Apr. 


5 


Mar. 


10 


Mar. 


5 


Mar. 


10 


Apr. 


1 



Closed. 



Dec. 7 I 
Nov. 30 
Nov. 29 
Dec. 13 
Dec. 16 
Dec. 9 I 
Deo. 31 
Dec. 23 I 
Dec. 26 



Year. 



1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 



Opened. 



Apr. 1 
Mar. 1 
Mar. 1 
Apr. 6 
Apr. 1 
Apr. 8 
Mar. 28 
Mar. 24 
Mar. 20 



1 
Closed. 

1 


Dec. 


7 


Dec. 


31 


Dec. 


16 


Dec. 


23 


Dec. 


19 


Dec. 


13 


Dec. 


9 


Dec. 


24 


Dec. 


31 



Year. 



1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Mar. 22 

Mar. 18 

Mar. 12 

Mar. 14 

Mar. 23 

Mar. 15 

Mar. 30 

Mar. 30 



Cloeed. 



Dec. 24 

Dec. 27 

Dec. 21 

I>ec. 25 

I>eo. 19 

Bee. 31 

Bee. 16 



Average date of opening, March 22 ; average date of closing, December 19; average number of dAji 
closed, 93. 

Authorities: Mr. James A. Byan, The Register, Sandusky; Lieut. Col. Jared A. Smith, United 
States Army engineer, Tenth lignt-house district. 
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No. 118.— SAND POINT LIGHT-HOUSE, L'ANSE, MICH. 
[46° 47' latitude north. Altitude, 600.69 feet. 88^ 28' longitude west.] 



Year. Opened. 




1879 ; Apr. 25 

1880 Apr. 26 

1881 ; Mav I 

1882 Apr. 25 

1883 May 1 

1884 MaV 1 



Nov. 30 
Nov. 25 
Nov. 28 
Dec. 3 
Nov. 30 
Dec. 6 



1885. 
1886. 
1887. 
1888. 
1889. 
1890. 




Closed. 



Dec. 8 



Year. 



il 



Apr. 27 Dec. C 

May 2 Dec. 1 

Ma\- ! Nov. 30 

Apr. l(j I Nov. 30 

Apr. 21 I Nov. 30 




1801 1 Apr. 27 

18n2 1 Apr. 21 

18<>3 Mav 8 



1894. 
18i«5. 
18".)6. 



A])r. 21 
Apr. 2:^ 
Apr. 19 



Closed. 



Dec. 6 

Dec. 10 

Dec. 4 

N<.v. 30 

Dec. 8 



Average date of opening, April 27; average date of closing, December 2; average number of days 
closed, 146. 

Authority: Commander William Folger, U. S. N., Eleventh light-house district. 

Note.— Compared with Portage River light-house, Michigan, for interpolation for twenty years' 
period. 

No. 119.— SARNIA, ONTARIO. 
[429 59' latitude north. Altitude, 579.60 feet. 82° 24' longitude west.] 



Tear. j Opened. 



Closed. 



Year. , Opened. ! Closed. 



1867. 
1868. 
1869. 
1870. 
1870. 
1871. 
1872. 
1873. 
1874. 
1874. 
1875. 
1876. 
1877. 
1878. 



Mar. 
Mar. 
Apr. 



30 

16 

1 



:y 



Mar. 
Mar. 
Mar. 
Mar. 



29 

6 

18 

18 



Mar. 
Mar. 
Mar. 
Apr. 



17 
29 
20 

7 



Dec. 


30 


Dec. 


12 


Jan. 


6 


Dec. 


23 


Dec. 


21 


Dec. 


19 


Jan. 


12 


Dec. 


24 


Dec. 


18 


Dec. 


18 



I Jan. 12 



1878. 
1879. 
1880. 
1881. 
18S2. 
1882. 
1883. 
1883, 
1884. 
1884. 
1885. 
1886. 
1886. 
1887. 



Mar. 20 

Mar. 20 

Mar. 6 

Apr. 4 



Dec. 
Dec. 
Dec. 



24 
26 
18 



Mar. 11 



Apr. 






Mar. 31 
Apr. 14 



Mar. 22 
Apr. 4 



Jan. 
Jan. 



10 I 



Jan. 
Dec. 



3 
25 



Jan. 
Dec. 
Dec. 



8 

15 : 
4 , 



Year. 



Opened. 



1888. 
1889. 
1890. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Apr. 9 
Apr. 15 



Mar. 25 
Apr. 25 
Apr. 5 
Apr. 3 
Mar. 16 
Apr. 6 
Apr. 3 



Closed. 



Dec. 17 



Jan. 4 

Dec. 11 

Dec. 3 

Dec. 18 

Dec. 11 

Dec. 28 

Dec. 12 



Average date of opening, March 28 ; average date of closing, December 24 ; average number of days 
closed, 94. 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Reports of the Department 
of Railways and Canals, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Canada, 1896. 

No. 120.— SAULT STE. MARIE, ONTARIO. 
[460 30' latitude north. Altitude, 581.11 feet. S4P 22' longitude west.J 



Year. 



1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 



Opened. 



May 


4 


May 


2 


May 


4 


Apr. 


29 


May 


8 


May 


11 


May 


5 


May 


12 


May 


12 


May 


8 



Closed. 



Dec. 3 
Dec. 3 
Nov. 29 
Dec. 1 
Nov. 29 
Nov. 26 
Nov. 18 
Dec. 2 
Dec. 2 
Nov. 26 



Year. 



1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 



Opened. 



May 2 
May 8 
May 2 
Apr. 28 



Apr. 21 
May 2 
Apr. 25 
May 6 
Apr. 26 



Closed. 


Nov. 


30 


Dec. 


3 


Dec. 


3 


Nov. 


15 


Dec. 


5 


Dec. 


3 


Dec. 


9 


Deo. 


10 


Nov. 


20 


Dec. 


4 




1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



May 1 
May 8 
Apr. 17 
Apr. ?0 
Apr. 28 
Apr. 18 
Apr. 29 
Apr. 17 
Apr. 23 
Apr. 18 



Closed. 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Deo. 
Dec. 



1 
4 
4 
4 
4 
6 
1 
6 



Dec. 11 



Average date of opening, April 30 ; average date of closing. December 2 ; average number of days 
closed, 149. 
Authority: Department of Public Works, Dominion of Canada, 1896. 
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No. 121.— SENECA, ILL. 
[41° 14' latitude north. 88° 37' longitude west.] 



Year. 



1840. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1K55. 
1856. 
1857. 
1857. 
1858. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1863. 
1864. 



Opened. 



Jan. 27 
Feb. 14 
Feb. 20 



:} 



Open. 
Mar. 1 



:) 



Mar. 9 
Feb. 20 
Feb. 6 
Dec. 3 



Feb. 16 
Open. 
Feb. 23 



:}. 



Mar. 10 



Closed. 



Dec. 


10 


Dec. 


6 


Dec. 


13 


Oi>en 


• 


Dec. 


30 



Year. 



Feb. 15 
Feb. 1 



Jan. 


22 


Dec. 


24 


Deo. 


4 


Nov. 


20 


Feb. 


12 


Open 


• 


Dec. 


8 


Nov. 


24 


Dec. 


2 


Jan. 


17 


Dec. 


30 


Dec. 


lU 



1865. 
1866. 
1867. 
1868. 
1869. 
1869. 
1870. 
1870. 
1871. 
1872. 
1873. 
1874. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 



;} 



Opened. ; Closed. 



Feb. 6 
Feb. 24 
Feb. 14 
Feb. 20 
Jan. 5 
Mar. 15 



:} 



Feb. 10 
Feb. 15 
Feb. 25 



Dec. 14 
Dec. 25 
Nov. 30 
Dec. 9 
Mar. 1 



Feb. 29 
Mar. 26 
Open. 
Feb. 5 
Open. 
Mar. 7 
Jan. 5 
Apr. 2 



Jan. 18 
Dec. 19 
Dec. 6 
Dec. 9 



Jan. 16 ! 



Open. 
Dec. 6 I 
Open, i 
Dec. 20 
Dec. 19 
Nov. 18 
Open. I 



Year. 



1882. 
1883. 
1884. 
1885. 
1886. 
1886. 
1887. 
1888. 
1889. 
1889. 
1890. 
1891. 
1892. 
1892. 
1893. 
1894. 
1895. 
1895. 
1896. 
1896. 



:} 



:} 



:} 



:} 



;} 



Opened. 



Open. 
Mar. 1 
Mar. 18 
Mar. 2 



Feb. 13 
Feb. 8 
Mar. 15 



Mar. 15 
Open. 
(Feb. 3) 



Feb. 1 
Mar. 5 
Feb. 6 



Feb. 26 
Feb." 25' 



Closed. 



Dec. 
Dec. 
Deo. 

"Jan." ' 
Dec 
Dec. 


6 
25 

18 

"16 
20 
29 


Jan. 12 

Open. 

(Open.) 


Jan. 
Deo. 
Dec. 


15 
26 

4 


Jan. 


4 


Jan. 


4 



Average date of opening, February 21 ; average date of closing, January 2 ; average number of days 
olosed, 50. 
Authority : Mr. D. L. Carpenter. 
NoTB.— Compared with Peoria, 111., for interpolation for twenty years' period. 

No. 122.— SHEDIAC, NEW BRUNSWICK. 

[46° 15' latitude north. 64° 32' longitude west.] 



Year. 



1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 



Opened. 



Closed. 



May 16 



Dec. 9 



Year. 



1877. 

1878. 

1879. 

1880. 

1881. 

1882 

1883. 

1884. 

1885. 

1886. 



Opened. 



Apr. 25 
Apr. 29 
May 1 
May 26 
May 19 
May 9 
Apr. 23 
May 12 



Apr. 27 



Closed. 



Dec. 15 
Nov. 17 
Dec. 13 
Nov. 22 
Dec. 2 
Deo. 7 
Dec. 1 



Deo. 7 
Dec. 10 



Year. 



1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



May 7 
May 8 
Apr. 18 
Apr. 21 
Apr. 23 
Apr. 7 
Apr. 14 
Apr. 20 
Apr. 22 
Apr. 25 



Closed. 



23 

12 

13 

2 



Dec. 
Dec 
Dec. 
Dec. 
Dec 15 
Dec. 21 
Dec 11 
Dec. 8 
Dec 10 



Average date of opening, April 29 ; average date of closing, December 8 ; average number of days 
closed, 142. 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Report of the Department 
of Railways and Canals, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Canada, 1896. 

No. 123.— SIOUX CITY, IOWA. 
[42° 29' latitude north. Altitude, 1,066 feet. 96° 24' longitude west.] 



Year. 



1870- 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 

1879. 
1880. 



Opened. 



Closed. 



Dec. 20 
Nov. 23 
Nov. 19 
Dec. 4 
Nov. 25 
Nov. 28 
Dec. 1 
Nov. 29 
Dec 18 
/Feb. 28 
\Dec. 8 
/Feb. 24\; v«v la 
JMar. 20/1 ^*»^- 1® 



Mar. 7 



Year. 



1881.. 

1882. 

1883.. 

J884., 

1885., 

1886. , 

1887. 

1888.. 

1889. 

1889., 

1889. 

1890. 



;} 



Opened. 



Mar. 26 

Mar. 1 

Mar. 13 

Mar. 22 

Mar. 13 

Mar. 23 

Mar. 11 

Apr. 2 



Mar. 
Dec. 



5 
1 



Closed. 



Dec. 30 
Nov. 21 
Nov. 30 
Nov. 22 
Dec. 5 
Nov. 19 
Nov. 27 



Jan. 20 
Nov. 29 



Jan. 1 



Year. 



1890. 
1891. 
1891. 
1892. 
1893. 
1894. 
1895. 

1896. 



:} 



Opened. 



Mar. 20 



Apr. 10 
Mar. 15 
Mar. 22 
Mar. i 
Mar. 20 
/Feb. 26 
\Mar. 21 



} 



Closed. 



Jan. 4 

Deo. 1& 

Dec. 19 

Nov. 24 

Dec. 28 

Dec. 1 

Mar. 8 



Average date of opening, March 17; average date of closing, December 17; average number of days 
closed, 9u. 

Authorities : United States Weather Bureau, 1887-1894 ; Report of the United States Missouri River 
Commission, 1887; Rm)ort of the United States Missouri River Commission, "Stages of the Miasouri 
River," 1894; Mr. A. F. Nash, postmaster, 1896. 
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No. 124.— SOUTH FOX ISLAND LIGHT-HOUSE, MICHIGAN. 
[450 22' latHnde north. Altitude, 679.60 feet. 66° 50' longitude west.] 



Tear. 



1887. 
1988. 
1889. 
1890. 



Opened. 


Closed. 


Apr. 18 
Apr. 24 
Apr. 1 
Mar. 28 


Dec. 12 
Deo. 11 
Deo. 16 
Deo. 12 



Year. 



1891. 
1892. 
1893. 
1894. 



Opened. 


Closed. 


Apr. 6 
Apr. 6 
Apr. 12 
Apr. 5 


Deo. 7 
Deo. 9 
Deo. 8 
Deo. 13 



Year. 



1895. 
1896. 




Closed. 



Deo. 1» 



Average date of opening, April 7; average date of closing, December 12; average number of days 
olosed, 116. 
Authority: Commander J. H. Dayton, U. S. N., Ninth light-house district. 
Note. — ^Compared with Alpena, Mich., for interpolation for twenty years' period. 

No. 125.— ST. CHABLES, MO. 
[38° 46' latitude north. Altitude, 416 feet. 90<^45' longitude west.] 



Yeaar. 



1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1^83. 
1884. 
1884. 



:} 



:} 



Opened. 



Jan. 26 



Feb. 12 
(Open.) 



fob. 16 
•Jan. si 



Closed. 



Deo. 27 



Deo. 29 
(Open.) 



Jan. 12 



Jan. 5 
Open. 



Year. 



1885. 
1885. 
1886. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 



Opened. 



Deo. 25 



Feb. 12 
Jan. 22 
Jan. 8 
Open. 
Open. 
Open. 



Closed. 



Deo. 11 



Jan. 19 

Deo. 31 

Deo. 30 

Open. 

Open. 

Open. 

Open. 



Year. 



1892. 
1893. 
1894. 
1895. 
1896. 
1896. 



Opened. 


Jan. 


28 


Feb. 


16 


Open 


« 


Jan. 


20 


Feb. 


25 


Open 


• 



Closed. 



Jan. 10 
Jan. 6 
Open. 
Jan. 13 
Feb. 3 



Average date of opening, January 29; average date of closing, January 10; average number of days 
closed, 19. 

Authorities : Beport of United States Missouri Biver Commission, 1887 ; Missouri Biver Commission. 
"Stages of the Missouri Bivw," 1894; United States Weather Bureau, 1896; Capt. J. C. Sanford, United 
States Engineer, SecretaryMissouri Biver Commission ; Capt. J. S. Hill; Dr. J7B. Mndd. 

NoTB.— Compared with^Keokuk, Iowa, for interpolation for twenty years' period. 

No. 126.— ST. CLAIB FLATS LIGHT-HOUSE, LAKE ST. CLAIB, MICHIGAN. 

[420 32' latitude north. 82P 41' longitude west.] 



Year. 



1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 



Opened. 


Closed. 


Mar. 20 


Deo. 8 


Apr. 11 


Deo. 12 


Apr. 6 


Dec. 8 


Apr 17 
Mar. 21 


Dec. 15 


Deo. 17 


Apr. 3 


Dec. 13 


Mar. 13 


Dec. 6 


Apr. 19 


Deo. 31 



Year. 



1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 



Opened. 


Closed. 


Mar. 15 


Deo. 8 


Apr. 17 


Deo. 20 


Mar. 30 


Dec. 18 


Apr. 19 


Dec. 31 


Apr. 27 


Dec. 15 


Apr. 5 


Deo. 12 


Apr. 7 
Mar. 28 


Deo. 6 


Dec. 31 



Year. 



1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1806. 



Opened. 


Mar. 


30 


Apr. 


25 


Apr. 


4 


Apr. 


4 


Mar. 


20 


Apr. 


6 


Apr. 


4 



Closed. 



Deo. a 

Deo. 20 

Deo. 12 

Deo. 17 

Dec. 28 

Deo. 10 



Average date of opening, April 4; avOTage date of closing, Deoember 16; average number of days 
closed, 110.' 
Authority: Commander William Folger, U. S; N., Eleventh light-house dletriot. 

No. 127.— ST. CBOIX BIVEB, LAKE HUDSON, WISCONSIN. 
[440 66' latitude nort^. Alfeitude, 667 feet. Q2f^ 45' longitude west.] 



Year. 



1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 



•••1.. 



Opened. 


(Hosed. 


Apr. 7 


Nov. 20 


Apr. 5 


Nov. 12 


Apr. 8 


Nov. 20 


Apr. 10 


Nov. 25 


Apr. 10 
Mar. 26 


Nov. 24 


Nov. 25 


Apr. 9 


Nov. 13 


Apr. 5 

Mar. 29 


Nov. a 


Nov. 22 


Apr. 8 


Nov. 20 


Apr. 6 


Nov. 25 


Apr. 15 


Nov. 15 



Year. 



1875.. 

1876. 

1877.. 

1878.. 

1879.. 

1880.. 

1881.. 

1882.. 

1883.. 

1884.. 

1885.. 

1886.. 



Opened. 



Apr. 12 
Apr. 18 
Apr. 8 
Apr. 2 
Apr. 4 
Apr. 1 
Apr. 12 
Apr. 3 
Apr. 12 
Apr. 15 
Apr. 20 
Apr. 15 



Closed. 



Nov. 15 
Nov. 25 
Deo. 31 j 
Nov. 20 
Nov. 17 
Nov. 18 
Nov. 14 ' 
Nov. 28 I 
Nov. 12 
Nov. 24 
Deo. 6 
Nov. 24 



Year. 



3887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1898. 
18^. 
1895. 
1896. 



Opened. 


Apr. 


13 


Apr. 


24 


Apr. 


8 


Apr. 


15 


Apr. 


17 


Apr. 


5 


Apr. 


21 


Apr. 


4 


Apr. 


11 


Ajr. 


15 



Closed. 



Nov. 26 

Dec. 8 

Nov. 26 

Deo. i 

Nov. 24 

Nov. 24 

Nov. 3(4' 

Nov. ^ 

Nov. 96 



  



Average date of opening, April 9; average date of closing, November 20; average number of di^^tf 
closed, 140. 

Authorities: Annual Beport of the Chief of Engineers, U. S. A., 1884; Mr. A. O. Powell, assiatant 
engineer, United States Engineers, St. Paul, Minn., 1896. 



H. Doe. 192- 



16 
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No. 128. -ST. JOSEPH, MO. 
[390 45' latitude north. Altitade, 790 feet. 94° 52' longitude went.] 



Year. 



1875. 
1876. 
1876. 

1876. 



1877.. 

1877. 

1878.. 

1878. . 

1878., 

1879. 



{ 



!•••••% 



1879. 

1880. 

1881. 
1881. 
1882. 



•{ 



:l 



Opened. 



Jan. 15 

Feb. 9 

Feb. 10 

Dec. 12 



Jan. 19 



Feb. 23\ 

Mar. 24/ 

Jan. 81 
Feb 
Mar 

Mar. 15 

Dec. 1 



t. 8) 
). 11^ 
r. 20J 



Closed. 



Year. 



Jan. 
Jan. 

[Dec. 

Nov. 



11 ,; 

30 j 

1 

30 ; 



Jan. 
Dec. 



4 
14 



Mar. 
Dec. 

Jan. 
Mar. 

Nov. 
Jan. 



20 
11 

30 
14 

21 

i 



1882. 
1883. 
1884. 
1884. 
1885. 
1885. 
1883. 
1886. 

1886. 

1887. 
1888. 
1889. 
1889. 
1890. 
1890. 

1890. 



Opened. 



Feb. 6 
Mar. 3 
Mar. 11 
Nov. 27 



Mar. 12 
Deo. 27 



Feb. 20 
Dec. 10 
Mar. 8 
(Mar. 16) 



(Feb. 28) 



Feb. 3 
Mar. 15 
Dec. 24 



Closed. 


Dec. 
Dec. 
Nov. 


7 
18 
25 


Jan. 
Dec. 


2 
10 


Jan. 
Nov. 
Dec. 
(Dec. 


6 
29 
19 
7) 


Feb. 


• • • • 

17 


Jan. 
Feb. 


13 
20 


Dec. 


. . . . 

8 







Year. 



1891. 

1892. 
1893. 

1894. 

1895. 
1896. 



J 



Opened. 



Mar. 

Mar. 

Nov. 

Deo. 

Dec. 

Dec. 

Feb. 
Mar 

Jan. 

Mar. 

Dec. 

Feb. 
Dec. 

Feb. 
Feb. 



2 
16 
29 

3 
11 
31 

9 
23 

1 

5 

22 

17 
6 

27 
14 



Closed. 



Jbh. 3 

Mar. 3 

Nov. Ig 

Kov. 30 

Dec. 8 

I>ec. 28 

{Jan. 3 

Mar. 29 

Dec 20 

{Jan. 2 

Dec. 1 

{Jan. 30 

Dec. 3 

Dec. 28 

Nov. 27 



Average date of opening, February 19; average date of closing, December 19; average niunber of 
days closed, 62. 

Authorities: Report of the United States Missouri River Commission, 1887-1890; Misaomi River 
Commission '* Stages of the Missouri River," ]894; United States Weather Bureau, 1896. 

Note.— Compared with Nebraska City, Nebr., for iuterpolation for twenty years' period. 

No. 129.-ST. LOUIS, MO. 
[38° 38' latitude north. Altitude, 384 feet. 90° 12' longitude west.] 



Year. 



1865. 
1866. 
1867. 
1868. 
1868. 
1869. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 



Opened. 



Jan. 12 
Feb. 3 



Feb. 18 
Open. 
Dec. 28 



Jan. 23 
Feb. 24 
Jan. 20 
Ooen. 
Feb. 27 
Open. 



Closed. 



Dec. 15 
Dec. 26 



Jan. 8 
Open. 
Dec. 21 



Dec. 21 
Nov. 29 
Nov. 29 
Open. 
Deo. 30 
Open. 
Dec. 8 



Year. 



1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 

1884. 

1885. 

1885 

1886. 

1886. 



■{ 



•{ 



Opened. 



Feb. 6 
Open. 
Jan. 31 
Jan. 1 
Feb. 15 
Open. 
Jan. 30 
Fob. 5 
Dec. 30 



Dec. 23 



Feb. 16 
Dec. 14 



Closed. 



Open. 
Dec. 17 
Dec. 18 
Nov. 18 
Open. 
Dec 7 
Dec. 19 

}Dec. 19 

Dec. 10 



Tear. 



Opened. Closed. 



Jan. 7 
Dec 1 
Dec. 24 



1887. 

1888. 

1889. 

1890. 

189 L. 

1892- 

1882. 

1893. 

1894. 

1895 

1895. 

1896. 



Jan. 27 
Jan. 31 
Open. 
Open. 
\ Open. 

Feb.""i 
Feb. 15 
Open. 



Dec. 19 
Open. 
Open. 
Open. 



:} 



Mar. 1 
Open. 



Jan. 9 
Deo. 20 
Open. 



Jan. 1 
Open. 



Average date of opening, January 20 ; average date of closing, December 19 ; average number of dayi 
dosed, 82. 

Authorities: Report of the Chief Signal Officer; Annual Statement of the Trade and Commeroeof 
St. Louis, Mo., 1895. 



No. 130— ST. MARYS FALLS CANAL LIGHT-HOUSE, MICHIGAN. 
[460 30' latitude north. 84° 23' longitude west.] 



Year. 



1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. 


Closed. 


May 11 


Dec. 2 


May 1 


Dec. 5 


May 6 


Nov. 30 


May 1 


Nov. 30 


Aor. 8 
May 1 


Nov. 80 


Nov. 6 


Apr. 26 


Nov. 16 


May 7 


Deo. 7 



1882... 

1883... 
I 1884... 
I 1885... 

1886... 

1887... 
I 1888. w. 

1889.. 



Opened. 


Cnoaed. 


Apr. 21 


Dec. 2 


May 1 


Dec 10 


Apr. 27 


Dec. 10 


May 8 


Dec. 7 


Apr. 25 


Dec. 4 


May 8 


Dec. 4 


May 8 


Dec. 5 


Apr. 14 


Dec. 5 




1890 
1891 
1892 
1893 
1894 
1895 
1896 



Apr. 20 
Apr. 28 
Apr. 17 
Apr. 80 
Apr. 17 
Apr. 27 
Apr. 20 



Closed. 



Dec 4 

Dec. 8 

Dec. 7 

Dec < 

Dec 17 

I>ec 11 



Average date of opening, April 27; average date of dosing, December 2; average number of days 
dosed, 146. 
Authority: Conmiander William Folger, U. S. N., Eleventh light-house district. 
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No. 181.— ST. VINCENT, MINN. 
[480 66' latitude north. Altitude, 748 feet. 97<3 14' longitude west.] 



Tear. 



1871 

1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 



Opened. 


Closed. 


Apr. 16 


Nov. 30 


Apr. 20 


Oct. 28 


Apr. 25 


Nov. 7 


Apr. 19 


Oct. 17 


Apr.- 21 


Nov. 4 


Apr. 22 


Oct. 10 


Apr. 23 


Dec. 1 


Mar. 18 


Oct. .<M) 


Apr. 12 


Nov. 2 



Tear. 



1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 



Opened. 


Closed. 


Apr. 24 


Nov. 12 


Apr. 25 


Nov. 13 


Apr. 17 


Nov. 11 


Apr. 21 


Nov. 11 


Apr. 19 


Nov. 22 


Apr. 21 


Nov. 13 


Apr. 15 


Nov. 24 


Apr. 17 


(Nov.18) 


Apr. 19 


Nov. 26 



Tear. 



1889 
1890 
1891 
1802 
1893 
1894 
1895 
1896 



Opened. 



(Mar.28) 
(Apr.l6) 
(Apr.l6) 
Apr. 21 
Apr. 30 
Apr. 19 
Apr. 8 
Apr. 16 



Closed. 



Nov. 16 

Deo. 1 

Nov. 17 

Nov. 8 

Nov. 18 

Nov. 10 

Nov. 6 



Average date of opening, April 18 ; average date of closing, November 10 ; average nnmber of days 
closed, 159. 

Authorities: United States "Weather Bureau, 1896; Mr. N. G Deacon, New Era, St. Vincent. 
Note. — Compared with "Winnipeg, Manitoba, for interpolation for twenty years' period. 

No. 132.— STRAITS OF MACKINAC. 
[45° 43' latitude north. Altitude, 579.6 feet. S4P 46' longitude west.] 



Tear. 



1853 
1854 
1855 
18iie 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 



Opened. 


Apr. 


17 


Apr. 


25 


May 


1 


May 


2 


May 


1 


Apr. 


6 


Apr. 


4 


Apr. 


13 


Apr. 


25 


Apr. 


18 


Apr. 


17 


Apr. 


28 


Apr. 


21 


Apr. 


28 


Apr. 


23 



Closed. 



Tear. 



1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
J 878. 
1879. 
1880. 
1881. 



;} 



Opened. 



Closed. 



Apr. 19 
Apr. 28 
Apr. 18 
Apr. 2 
Apr. 28 

May 1 I 

Apr. 29 

Apr. 28 I 

Apr. 28 (Deo. 21) 

Apr. 18 I 

I (Jan. 

Mar. 15 |(Dec. 

Apr. 22 '(Dec. 

Apr. 4 Dec. 

May 2 Feb. 



17) 
19) 
24) 
15 
1 



Tear. 

> 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 



Opened. 


Apr. 


3 


Apr. 


28 


Apr. 


25 


May 


5 


Apr. 


24 


Apr. 


17 


May 


4 


Apr. 


6 


Apr. 


9 


Apr. 


17 


Apr. 


9 


Apr. 


17 


Mar. 


29 


Apr. 


11 


Apr. 


16 



Closed. 



Dec. 


30 


Dec. 


25 


Dec. 


21 


Jan. 


8 


Jan. 


15 


Dec. 


27 


Dec. 


30 


Jan. 


1 


Jan. 


5 


Dec. 


26 


Dec. 


24 


Jan. 


1 


Dec. 


31 


Jan. 


1 



Average date of opening, April 17; average date of closing, January 9; average number of days 
closed, 98. 

Authorities : Monthly "Weather Review, United States ; Reports of the Chief Signal Officer of the 
United States; Report of the New Tork Produce Exchange; Mr. "Wm. Fitch, general manager Duluth, 
South Shore and Atlantic Railway ; Mr. J. H. P. Hughart, general manager Grand Rapids and Indiana 
Railroad. 

NoTB. — Compared with Alpena, Mich., for interpolation for twenty years' period. 

No. 133.— STURGEON POINT LIGHT-HOUSE, MICHIGAN. 
[44° 47' latitude north. Altitude, 579.60 feet. 83° 15' longitude west.] 



Tear. 



1874 
1875 
1876 
1877 
1878 
1870 
1880 
1881 



Opened. 


Mar. 


20 


Apr. 


19 


Apr. 


12 


Apr. 


13 


Mar. 


10 


Apr. 


6 


Mar. 


6 


Apr. 


27 



Closed. 



Dec. 15 
Dec. 12 
Dec. 13 
Dec. 18 
Dec. 16 
Dec. 18 
Dec. 11 
Dec. 29 



Tear. 



1882 

1883 
1884 
1885 
1886 
1887 
1888 
1889 



Opened. 


Closed. 


Mar. 10 


Dec. 15 


Apr. 12 


Dec. 20 


Apr. 5 


Deo. 18 


Apr. 20 
Mar. 29 


Deo. 15 


Dec. 16 


Apr. 11 


Dec. 12 


Apr. 5 


Deo. 18 


Mar. 11 


Dec 31 



Tear. 



1890 
1891 
1882 
1893 
1894 
1895 
1896 



Opened. 


Mar. 


17 


Apr. 


6 


Apr. 


5 


Apr. 


10 


Mar. 


19 


Apr. 


2 


Apr. 


6 



Closed. 



Deo. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



20 
17 
19 
15 
23 
21 



Average date of opening, April 2; average date of closing, December 18; average number of days 
closed, 105. 
Authority : Commander "William Folger, U. S. N., Eleventh light-house district. 
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No. 184.— SYDNEY, NOVA SCOTIA. 
[4/BP 09' latitude north. 60o 13' longitude west.] 



Year. 



1887... 
1888... 
1809... 
1«69.^. 
1870... 
1871... 
1872... 
1873... 
1874... 
1876... 
1876... 
1877... 
1878... 
1878... 
1879... 
1879... 
1880... 



:} 



:} 



Opened. 



Apr. 23 
May 5 



Apr. 21 
Apr. 11 
Apr. 21 
May 3 
Apr. 28 
May 1 
May 12 
May 7 
Apr. 7 



Apr. 6 



Apr. 19 
May 6 



Closed. 



— --. .,.- 1 




Jan. 


19' 






Dec. 


31 


1 




Dec. 


23' 


Jan. 


8 



Jan. 16 
Dec. 30 
Dec. 31 



Year. 



1881. 
1882. 
1882. 
1883. 
1883. 
1884. 
1884. 
1885. 
1885. 
1886. 
1886. 
1887. 
1887. 
1888. 
1888. 
1889. 



:} 



:} 



:} 



:} 



:} 



:} 



;} 



Opened. 



Apr. 29 



Apr. 24 
Apr. io 



Apr. 26 
May'i 



Apr. 19 
Apr. 26 
Apr'.'26 



Closed. 



Jan. 5 
Jan. 6 



Jan. 3 
Jan. 19 



Jan. 14 



Jan. 7 



Jan. 10 
Feb." "si 



Year. 



1889. 
1800. 
1890. 
1891. 
1891. 
1892. 
1892. 
1693. 
1893. 
1894. 
1894. 
1895. 
1895. 
1806. 
1896. 



:} 



:} 



:} 



:} 



;} 



;} 



Opened. 



Apr. 4 



Apr. 11 
Apr. 29 



Apr. 26 
Apr. 26 



May 2 
Apr. 25 
Mfur'.'as 



dosed. 



Jan. 


• * • 

• 


Jan. 


9 


Feb. 




Jan. 


10 


Jan. 


10 


Jan. 


27 



Jaa. 22 



Average date of opening, April 22 ; average date of closing, January 13 ; average number of days 
closed. 90. 

Authorities: G-eneral Report Public Works, Canada, 1867-1882; Annual Report of the Department 
of Railways and Canals, Dominion of Canada, 188^1889 ; Department of Public Works, I>omiman of 
Canada, 1896. 



No. 135.— SHERWOOD POINT LIGHTHOUSE, WISCONSIN. 
[440 53' latitude north. Altitude, 579.60 feet. 81° 26' longitude west.] 



Year. 



1887 
1888 
1889 
1890 
1891 



(^ned. 


Closed. 


Apr. 26 
Apr. 29 
Apr. 8 
Apr. 13 
Apr. 21 


Dec. 23 
Dec. 31 
Dec. 31 
Deo. 24 
Dec. 3] 



Year. 



1892. 
1893. 
1894. 
1895. 



:} 



Opened. 


Closed. 


Apr. 6 
Apr. 14 
Mar. 21 


Dec. 18 
Dec. 15 


Jan. 8 



Year. 



1895. 
1896. 



Opeaed. 



Apr. 1 
Apr. 9 



Closed. 



I>eo. n 



Average date of opening, April 10 ; average date of closing, December 27 ; average number of days 
olosed, 104. 
Authori^; Commander J. H. Dayton, U. S. N., Ninth light-house district. 
NOTB.— Compared with Green Bay, Wis., for interpolation for twenty years* period. 



Year. 



No. 136.— TAW AS LIGHTHOUSE, LAKE HURON, MICHIGAN. 
[44° 15' latitude north. Altitude, 576.60 feet. 83^ 27' longitude west.] 



1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. 
Mar. 18 


Closed. 


Dec. 16 


Apr. 16 


Dec. 11 


Apr. 7 


Nov. 9 


Apr. 10 
M!ar. 9 


Dec. 29 


Dec. 14 


Apr. 4 
Mar. 2 


Dec. 15 
Dec. 10 


Apr. 26 


Dec. 31 



1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 



Opened. 


Closed. 


Mar. 4 


Dec. 13 


Apr. 16 


Dec. 18 


Apr. 10 


Dec. 19 


Apr. 25 
Mar. 30 


Dec. 14 


Dec. 8 


Apr. 16 


Dec. 23 


Ain*. 6 


Dec. 22 


Maar. 19 


Dec. 81 



Year. 



1880 
1801 
1882 
1893 
1894 
1895 
1896 



Opened. 


Mar. 


14 


Apr. 


1 


Apr. 


4 


Apr. 
Mar. 


8 
18 


Apr. 


8 


Apr. 


5 



Closed. 



Bee 


27 


Bee. 


27 


Bee 


19 


Beo. 


12 


Bee. 


» 


Bee. 


19 



Average date of opening, April 2; average date of closing, December 18; 
dosed, 106. 
Authority : Commander Williun Eolger, IT. S. N., Eleventh Ught-honse district. 



average munber of di^a 
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No. 137.— TBRRB HAUTE. IND. 
[30O 27' latitude north. Altitude, 447 feet. 87° 24' longitude weat.] 



Year. 



1883 

1684 
1885 
1886 



Opened. 


Closed. 


Feb. 18{ 

Jan. 24 
Feb. 22 
Feb. 11 


Jan. 2 
Dec. 20 
Dec. 16 
Dec. 21 
Dec. 27 



Year. 



1887 
1888 
1889 
1890 
1891 



Opened. 


Closed. 


Feb. 7 
Jan. 17 
Open. 
Feb. 15 
Feb. 19 


Nov. 28 
Open. 
Nov. 30 
Dec. 26 
Nov. 27 



Year. 




1892 
1893 
1894 
1895 
1896 



Mar. 16 
Feb. 15 
Feb. 28 
Feb. 26 
Feb. 24 



Closed. 



Dec. 22 

Nov. 24 

Deo. 27 

Dec. 4 



Average date of opening, February 16; average date of closing, December 14; average number of 
days dosed, 64. 
Authority: Mr. Joseph McEZinley. 

No. 138— THE ARSENAL, CENTRAL PARK, NEW YORK, N. Y. 



Year. 



1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1866. 
1867- 
1868. 
1869: 
1870. 
1871. 
1872. 
1873. 
1874. 



Opened. 



:} 



:} 



Mar. 6 
Feb. 20 
Feb. 10 
Mar. 8 
Feb. 26 
Feb. 21 
Feb. 24 



Feb. 18 

Feb. 2 

Mar. 6 

Feb. 8 



Closed. 



Dec. 
Deo. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



29 
24 
14 
20 
22 
11 
21 



Jan. 
Dec. 
Dec. 
Dec. 



8 
15 
15 
17 



Mar. 8 



Dec. 
Jan. 



16 
26 



Year. 



1874. 
1875. 
1876. 
1877. 
1878. 
1878. 
1879. 
1880. 
1881. 
1882. 
1882. 
1883. 
1884. 
1884. 
1885. 
1885. 
1886. 
1886. 



Oi>ened. | Closed. 



:} 



Feb. 22 
Open. 
Jan. 31 



Jan. 9 
Mar. 2 I 
Open. j 
Feb. 22 1 



:} 



:} 



Feb. 10 
Feb. 10 



Feb. 3 
Feb. 24 
Feb." 8 



Dec. 


26 


Open 




Dec. 


24 


Jan. 


7 


Dec. 


26 


Open 




Dec. 


23 


Jan. 


31 


Dec. 


20 


Jan. 


6 


Jan. 


27 



Jan. 14 
Dec. 30 



Year. 



1887... 

1888... 

1888... 

1889... 

1889... 

1890.. 

1891... 

1891... 

1892... 

1892... 

1893.., 

1894... 

1895... 

1895... 

1896... 

1896... 



:} 



:} 



Opened. 



Feb. 6 



Feb. 22 



Feb. 26 
Open. 



:} 



:} 



:} 



Jan. 24 



Feb. 14 
Feb. 12 
Open. 



Feb. 27 



Jan. 23 



Closed. 





Jauv 


16 


Feb. 
Open. 


15 


Jan. 


8 


Jan. 
Dec. 
Open. 


27 
30 


Jan. 


3 


Jan. 


7 



Average date of opening, February 15 ; average date of closing, January 5 ; average number of days 
closed, 41. 

NOTU.— This table is madtf from dat>a furnished by New York Meteorology, 1850- 1863, second series^ 
by F. B. Hough and by Mr. "William Leary, secretary of commissioners, Department of Public Park». 
The dat« is the dates of the first and last days of skating in the park. 



Year. 



No. 139.— THUNDER BAY ISLAND LIGHT-HOUSE, MICHIGAN. 
[45° 02' hititude north. Altitude, 579.60 feet. 83° 11' longitude west.]| 



1874 
187d 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. 


Mar. 


20 


Apr. 


15 


Apr. 


15 


Aor. 
Mar. 


15 
16 


Apr. 


6 


Mar. 


1 


May 


2 



Closed. 



Dec. 13 

Dec. 15 

Dec. 14 

Dec. 16 

Dec. 15 

Dec. 16 

Dec. 10 

Dec. 13 




Opened. 


Closed. 


Mar. 20 


Dec. 


14 


Apr. 14 


Dec. 


12 


Apr. 8 


Dec. 


10 


Apr. 22 


Dec. 


12 


Apr. 1 


Dec. 


9 


Apr. 13 


Deo. 


10 


Apr. 15 


Dec. 


15 


Mar. 27 


Dec. 


14 



Year. 



1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


Mar. 


22 


Apr. 


1 


Apr. 


7 


Apr. 


11 


Mar. 


13 


Apr. 


11 


Apr. 


10 



Closed. 



Dec. 14 

Dec. 17 

Deo. 31 

Dec. 17 

Dec. 24 

Dec. 19 



Avenwe date of opening, April 5 ; average date of closing, December 14 ; average number of days 
closed, 112. 
 Authority : Commander 'William Folger, U. S. N., Eleventh light-house district. 
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Ko. 140.— TOLBDO, OHIO. 
141° iCK latitude DorUi. Altitode, 571.35 feet. 82° 34' kmgitnde west.] 



Year. 



Opened. Cloeed. 



Year. Opened. ' Closed. 



Year. Opened. Closed. 



1857 MaT 1 

1858 Apr. 6 

1859 Apr. 4 

18W I Apr. 18 

18«1 Apr- 25 

1882 Apr. 13 

1863 Apr. 17 

1864 Apr. 23 

1865 Apr. 21 

1866 Apr. 29 

1867 1 Apr. 23 

1868 • Apr. 19 

1869 Apr. 23 

1870 1 Apr. 20 



1871 Mar. 16 

1872 Apr. 9 

1873 Mar. 28 

1874 ! Mar. 19 

1875 1 Apr. 13 

1S76 Apr. 3 

1877 Apr. 17 

1878 Mar. 28 

1879 Apr. 7 

1880 Mar. 3 

1881 Apr. 7 

1882 Feb. 25 

1883 Apr. 9 

1884 Mar. 29 



Dec. 4 
Not. 29 
Dec 5 

xfCC 9 I 

Dec 10 
Dec. 5 
Dec 10 
Dec 18 
Dec 15 
Dec. 1 
Dec. 27 
Dec 16 
Dec 18 
Dec. 15 



1885 Apr. 

1886 Mar. 

1887 Apr. 

1888 : Mar. 

1889 1 Apr. 

1890 Apr. 

1891 Apr. 

1892 Apr. 

1893 1 Apr. 

1894 ! Mar. 

1895 Apr. 

1896 



1 


Dec. 


i 


23 


Dec. 


1 


4 


Dec. 


13 


29 


Dec. 


3 


14 


Dec 


1 


1 


Dec 


1 


9 


Dec 


K 


15 


Dec 


9 


1 


Dec 


d 


24 


Dec 


r 


4 


XOT. 


y 


21 




• • • 



Average date of opeuinc:, April 1; average date of closing, December 10; average n amber of daji 
closed, 112. 

Authorities : Report of Toledo Board of Trade ; Reports of the Chief Signal Officer, Mr. C. Randolph 
Brand. 

No. 141.— TORONTO, ONTARIO. 
[43^ 38' latitude north. Altitode, 244.53 feet. 79° 29' longitude west.) 



Year. Opened, t Closed, j Year. i Opened, i Cloeed. Year. { Opened. Closed. 



1833. 
1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 



Apr. 
Mar. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Mar. 
Apr. 
Mar. 
Apr. 



4 

14 

30 Dec. 

25 i 

16 I Dec. 



1 
i4 



28 Dec. 
12 Dec. 
17 
23 



6 

18 



Apr. 
Apr. 
Mar. 
Mar. 
Apr. 
Mar. 
Apr. 



8 
19 
31 
29 

3 
24 

7 



Apr. 2 



Dec. 
Dec. 
Dec. 
Dec 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Jan. 



13 ,! 
18 

3 i 
14 

26 
25 
26. 
13 . 
13 
5 . 



jjec. 
Dec. 



8 
19 



1856. 
1857. 
1«5». 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 



Apr. 

Feb. 

Mar. 

Feb. 

Jan. 

Jan. 

Jan. 

Jan. 

Feb. 

Mar. 

Apr. 

Mar. 

Apr. 

Apr. 

Apr. 

Mar. 

Apr. 

Apr. 

Mar. 

Apr. 

Apr. 

Mar. 

Mar. 



17 Dec 
27  Dec. 



22 ' 1879. 
30 1880. 



4 

7 



JUOCa 



10 Dec. 
2 Dec. 



2 

7 
3 



Dec. 
Dec. 



25 ; Dec. 



3 

28 

6 

1 

3 

11 

12 

14 

16 

16 

11 

25 

9 



Dec. 
Dec. 
Dec. 
Dec 

A/OCa 

Nov. 
Dec. 
Nov. 

A/oC« 

Nov. 
Dec. 

A./oO* 

Dec. 



21 
30 
31 
31 
30 
21 
29 
30 
26 



1881. 
1882. 
1882. 
1883. 
1884. 
1885. 
1886. 
1886. 
1887. 
9 { 1888. 
12 ' 1888. 



:} 



Mar. 
Feb. 
Apr. 



25 

19 

1 



:} 



Feb. 
Apr. 
Mar. 
Apr. 



13 
13 
30 
25 



3 , 
24 ' 
30 I 
10 , 
26 
20 * 
30 , 

9 
19 
16 1 
I 



1890. 

1891. 

1892. 

1892. 

1893 

1894. 

1895. 

1896. 



Mar. 

Apr. 
Apr. 
Mar. 
Mar. 
Mar. 



Mar. 
Apr. 
Mar. 
Apr. 
Mar. 



20 I 
12 t 

7 
15 

5 
22 

 ^ w • 

31 • 

7 
17 

* [ 
28 I 



Dec. 31 

Dec I 

Jan. i 

Dec. • 

Dec 21 

Dec M 

Jan. i 

Dec 4 

Dec 34 

Dec 9 

Dec T. 

Dec. 34 

Jan. i 

Dec S 

Dec 3t 

Dec S 

Dec I 



Average date of opening, March 21 ; average date of closing, December 19; average number of dan 
olosed, 92. 

Anthorities : General Report Public Works, Canada, 1867-1882; Report of the Department of Bail- 
mrs and Canals, Dominion of Canada, 1883-1889 ; Department of Public Works, Dominioo of Canada. 

No. 142.— TURNERS FALLS, M A. SS.— CONNECTICUT RTVER. 

[420 34' latitude north. 729 34' longitude west.] 



Year. 



1884. 
1885. 
1886. 
1887. 
1888. 



Opened. 



Mar. 10 
Apr. 29 
Mar. 10 
Mar. 15 



Closed. 



Dec. 15 

Dec. 5 

Dec. 20 

Dec. 15 

Deo. 10 



Year. 



1889 
1890 
1891 
1892 
1893 



Opened. 


Closed. 


Mar. 6 
Mar. 9 
Mar. 3 
Mar. 1 
Mar. 9 


Dec. 8 
Deo. 7 
Deo. 10 
Deo. 12 
Dec. 2 



Year. 



1894 
1895 
1896 



Opened. 



Ai>r. 90 
Mar. 4 

Mar. 7 



Closed. 



Dec « 
Dec 11 



Average date of opening, March 16; average date of closing, December 9; average number of dajt 
olosed, 97. 
Authoritv: Mr. F. M. Stonghton. 
NoTB.— Compared with Hartford, Conn., for interpolation for twenty years' period. 
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No. 143.-WAGOSHANCE LIGHT-HOUSE, MICHIGAN. 
[45<^ 47' latitude north. Altitude, 579.60 feet. 85° 05' longitude west.] 



Tear. 



1887 
1888 
1889 
1890 



Opened. 


Closed. 


Apr. 16 
Apr. 28 
Mar. 24 
Apr. 4 


Dec. 7 
Dec. 8 
Dec. 31 
Dec. 9 



Tear. 



1891 
1892 
1893 
1894 



Opened. 


Closed. 


Apr. 8 
Apr. 1 
Apr. 9 
Apr. 6 


Dec. 10 
Dec. 10 
Dec. 13 
Dec. 11 



Tear. 




1895. 
1896. 



Apr. 10 
Ai»r. 19 



Ciosea. 



Dec. 9 



Average date of opening, April 9 ; average date of closing, December 12 ; average number of days 
closed, 118. 
Authority : Commander J. H. Dayton, TT. S. N., Ninth light-house district. 
Note.— Co^oipared with Alpena, J^iich., for interpolation for twenty years' period. 

No. 144.— WHITEHALL, N. T. 
[430 34' latitude north. Altitude, 95.03 feet. 73° 24' longitude west.] 



Tear. 



1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 



Opened. 


Apr. 


10 


Apr. 


9 


Apr. 


7 


Apr. 


20 


Apr. 


29 


Apr. 


28 


Apr. 


11 


Apr. 


15 


Apr. 


14 


Apr. 


22 


Apr. 


16 


Apr. 


25 


Apr. 


16 


Apr. 


1 



Closed. 



4 
3 
1 

7 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 6 
Nov. 26 
Dec. 12 
Dec. 8 
Dec. 15 
Nov. 25 
Dec. 2 
Dec. 2 
Dec. 10 
Nov. 30 




Opened. 


Closed. 






Apr. 28 


Nov. 


22 


Apr. 11 ' 


Nov. 


30 


Apr. 30 


Jan. 


16 


Apr. 24 


Feb. 


2 


Apr. 5 


Jan. 


15 


Mar. 1 


Jan. 


29 


Anr. 22 
Mar. 7 


Jan. 


29 


Feb. 


2 


Apr. 21 


Jan. 


16 


/Feb. 5 
\Mar. 4 


Feb. 


4 


Feb. 


25 


Apr. 22 I 


Jan. 


26 


Apr. 19 


Jan. 


8 



Tear. 



1885 
1886 

1887 

1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


Apr. 


25 


Apr. 


15 


Jan. 


12 


May 


1 


Apr. 


24 


May 


1 


Apr. 


27 


Apr. 


28 


Apr. 


24 


Apr. 


26 


Apr. 


28 


Apr. 


1 



Closed. 



Jan.-*-^ 29 

Jan. 24 

/Jan. 9 

\Nov. 30 

Nov. 80 

Nov. 30 

Dec. 4 

Dec. 30 

Dec. 4 

Dec. 3 

Nov. 30 

Dec. 2 



PIP Average date of opening, April 11 ; average date of closing, December 17 ; average number of days 
closed, 115. 



Authorities: 1858-1874, Mr. George Rushlow, general manager Champlain Transportation Com- 
pany; 1875-1887, Postmaster, Whitehall, 1896; 1887-18r" '^ ' - - - . ™,^,_^ 
Ugh^^honse district; 1896, Postmaster, Whitehall, 1896. 



-1895, Commander A. S. Snow, inspector Third 



No. 145— WINDMILL POINT LIGHTHOUSE, LAKE ST. CLAIR, MICHIGAN. 

[42C 21' latitude north. 82° 56' longitude west.] 



Tear. 



1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. 


Closed. 


Mar. 18 


1 
Dec. 18 


Apr. 9 


Deo. 18 


Apr. 1 


Dec. 10 


Apr. 12 


Dec. 31 


Mar. 18 


Dec. 21 


Apr. 1 
Mar. 3 


Dec. 22 


Deo. 18 


Apr. 16 


Deo. 31 



Tear. 



1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 



Opened. 


Closed. 


Mar. 3 


Dec. 11 


Apr. 16 
Mar. 30 


Dec. 20 


Dec. 18 


Apr. 20 


Dec. 31 


Apr. 28 


Dec. 16 


Apr. 3 


Dec. 22 


Apr. 5 


Dec. 20 


Mar. 26 


Dec. 31 



Tear. 



1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


Mar. 


22 


Apr. 


22 


Apr. 


4 


Apr. 


5 


Mar. 


14 


Apr. 


6 


Apr. 


2 



Closed. 



Dec. 10 

Dec. 16 

Dec. 27 

Dec. 16 

Dec. 28 

Dec. 18 



Average date of oi>ening, April 2; average date of closing, December 21; average number of days 
" 102. 



dosed 



Antiiority : Commander William Folger, IT. S. N., Eleventh light-house district. 
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No. 146.— WIND80B, ONTARIO. 
[420 19' latitade north. Altitade, 573.86 feet. 83o 02' longitude west.] 



Year. 



1875. 
1876. 




Year. { Opened. ! Closed. 



1867 Feb. 23 

1868 Har. 15 

1869 Apr. 5 

1870 ! Apr. 7 

1871 Mar. 8 

1872 Apr. 1 

1873 Apr. 1 

1874 ; Mar. 10 



Apr. 9 
Jan. 1 



Dec. 11 
Dec. 10 
Dec. 17 
Dec. 11 
Dec. 8 
Dec. 7 
Dec. 15 
Dec. 28 
Dec. 4 
Dec. 4 



1877 Apr. 1 

1878 May 1 

1879 Apr. 3 

1880 ! Mar. 1 

1881 1 Apr. 15 

1882 , Mar. 1 

1883 Mar. 9 

1884 Mar. 15 



1885. 
1886. 



Jan. 14 
Apr. 28 



Dec. 31 
Dec. 31 
Dec. 24 
Dec. 3 
Dec. 31 
Dec. 18 
Dec. 17 
Dec. 17 
Dec. 9 
Dec. 27 




1887. 
1888. 
1889. 
1690. 
1891. 
1892. 
1893. 
1804. 



Jan. 5 

Open. 

Open. 

Open. 

Open. 

Open. 

Apr. 18 

Open. 



1895 , Open. 



1896. 



Mar. 23 



CloAed. 



I>ec. IS 

Open. 

Open. 

Open. 
Dec. 17 
Open. 
Open. 
I>ec. S 



Average date of ox)ening, February 26; average date of closing, December 16; average number of 
days closed, 72. 
Authority : Department of Public Works, Dominion of Canada, 1896. 

No. 147.- WINNEPEG, MANITOBA. 
[49° 52' latitude north. Altitade, 724 feet 97^ 08' longitude west.] 



Tear. 



1874. 
1875. 
X876. 
liB77. 
1878. 
1879. 
iS80. 
1881. 



Opened. 



Apr. 30 
Apr. 22 
Apr. 22 
Mar. 22 
Apr. 15 
Apr. 26 



Closed 



Year. 



Opened, i Closed. 



Nov. 


5 


Nov. 


2 


Nov. 


5 


Nov. 


1 


Oct. 


30 


Nov. 


1 

1 


Nov. 


5 



1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 



Apr. 19 



Apr. 24 

Apr. 25 

Apr. 14 

Apr. 25 

Apr. 28 

Apr. 25 



Nov. 13 
Nov. 10 



Nov, 
Nov. 
Nov. 
Nov. 



1 
2 
4 
1 



Nov. J 5 
Nov. 19 



Year. i Opened. , Closed. 



1890 Apr. 21 

1891 Apr. 17 

1892 1 Apr. 20 

1893 1 May 8 

1894 1 Apr. 24 

3895 Apr. 8 

1896 Apr. 26 

I 



9 

15 



Nov. 
Nov. 

Nov. 91 

Nov. 13 

Nov. 9 

Nov. 2$ 



Average date of opening, April 21; average date of closing, November 8; average number of days 



Qlosed 
Ant 
Department 



Authorities: Annual Keports, Department of Railways and Canals, Dominion of Canada, 1883; 
epartment of Public Works, Canada, 1896. 

No. 148.— YANKTON, S. DAK. 



Year. 



1874. 
1876. 
1876. 
1«77. 
1^8. 



[42^ 54' latitude north. Altitude, 1,150 feet. 97° 28' longitude west.] 



Mar. 18 

Apr. 3 

Apr. 6 

Feb. 22 

Feb. 19 

1379 1 Mar. 23 



Opened. 



188D. 
1881. 
1882. 
1883. 



Feb. 24 
Apr. 24 
Mar. 17 
Mar. 13 



Closed. 


Nov. 


26 


Nov. 


21 


Nov. 


15 


Dec. 


24 


Dec. 


14 


Dec. 


3 


Nov. 


17 


Nov. 


18 


Dec. 


2 


Dec. 


16 



! Year. 



1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1890. 
1891. 
1891. 



:} 



:} 



Opened, i Closed. 



Mar. 22 
Mar. 14 
Mar. 18 
Apr. 4 
Mar. 31 
Mar. 10 



Mar. 23 
Apr. 1 



Dec. 14 
Dec. 8 
Dec. 1 
Nov. 23 
Dec. 6 



Jan. 13 



Jan. 2 
Dec. 25 



Year. 



1892. 
1893. 
1894. 
1895. 
1896. 



Opened. 



Cloaed. 



Apr. 29 
Mar. 29 
Mar. 10 



Nov. 24 
Dec. 11 
Dec M 



Mar. 18 ; Nov. M 
Mar. 1 : 



Average date of opening, March 21 ; average date of closing, December 7; average number of days 
alosedf 104. 
Authorities : United States Weather Bureau, 1896 ; Mr. Ed. Palmer, city engineer. 
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No. 140.— yOKK FACTORY, HAYES RIVER. 
[57° 00' latitude north. 92° 28' longitude west.] 



Year. ; Opened. 



1828. 
1829. 
1830 : 
1831. 
1832. 
1833. 
1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 

1845. 
1846. 

1847. 
1848. 
]849. 

1850. 
1851. 



June 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

to 20. 
May 22 
May 7 

to 9. 
May 9 
May 21 
May 18 

to 24. 
May 31 
May' 31 



1 

10 
17 
22 
25 
13 
27 
24 
16 
11 
23 
22 
12 
10 
17 
29 
13 



Closed. 



Year. 



Nov. 15 
Nov. 11 
Dec. 2 
Nov. 28 
Nov. 26 
Nov. 22 
Nov. 20 
Nov. 18 
Nov. 29 
Nov. 25 
Nov. 22 ; 

Nov. 19 n 

Nov. 16 1 1 
Nov. 13 II 
Nov. 11 I 
Nov. 16 
Nov. 26 I 

Nov. 24 
Nov. 25 

Nov. 15 i 
Nov. 28 I 
Nov. 27 ' 

Nov. 28 ! 
Dec. 9 

i 



1852 

XoDi5 . • • . . 



1854. 
1855. 
1856. 



1857. 



1858. 
1859. 
1860. 
1861. 



Opened. 



1862. 

1863. 
1864. 
1865. 
1866. 
1887. 

J868. 

1869. 
1870. 
1871. 



May 16 
May 26 

to 30. 
May 23 
May 25 
May 20 

to 22. 
May 14 

to 19. 
May 24 
May 13 
May 18 
May 22 

to 28. 
May 24 

to 29. 
May 22 
May 19 
May 16 
May 14 
May 23 

to 28. 
May 24 

to 31. 
May 25 
May 11 
May 12 



Closed. 



Nov. 8 
Nov. 9 

Nov. 16 
Nov. 24 
Nov. 19 

Nov. 17 

Nov. 24 
Nov. 16 
Nov. 19 
Nov. 16 

Nov. 24 

I 

Nov. 30 i 
Nov. 26 
Nov. 20 I 
Nov. 28 ,1 
Nov. 24 1 1 

Nov. 29 '; 

II 

Nov. 6 \. 
Nov. 27 ; 
Nov. 23 I 



Year. 



1872. 
1873. 
1874. 
1875. 
1876. 
1877. 



Opened. 



May 16 
May 14 
May 16 
May 19 
May 10 
May 20 



1878 1 May 15 

1879 May 3 

1880 May 26 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 1 

1891 ' 

1892 May 24 

1893 a July 15 

1894 May 20 

1895 

1896 



Closed. 



Nov. 20 

Nov. 1£ 

Noy. 20 

Nov, 15 

Nov. 24 

Nov. 15 

to 20. 

Nov. 8 

Noy. 23 

Nov. 20 



Nov. 14 
Nov.* "4 



a Ice io river August 1. 

Average date of opening, May 19; average date of closing, November 19; average number of days 
closed, 161. 

Authorities : Mr. Woods, York Factory, in Report of Minister of Public Works, Dominion of Canada, 
1884 ; Department of Public Works, Dominion of Canada, 1896. 

No. 150.— ZANESVILLE, OHIO, MUSKINGUM RIVER. 
[390 59' latitude north. Altitude, 678 feet. 82^ 00' longitude west.] 



Year. 


Opened. 


1888 


Feb. 21 
Mar. 4 

Mar. 10 


1889 


1890 







Closed. 



Jan. 1 

Feb. 6 

/Jan. 1 



\Dec. 19 



Year. 



1891 ; 

1892 ' 

1893 1 



Opened. 


Closed. 


Jan. 29 
Feb. 15 
Mar. 1 


Open. 
/Jan. 7 
I Dec. 25 

Dec. 23 : 

1 



Year. I Opened. 



1894 Feb. 21 

1895 ! Mar. 5 

1896 , Mar. 2 



Closed. 



Open. 
Jan. 1 
Jan. 3 



Average date of opening, February 25; average date of closing, January 3; average number of day* 
closed, 53. 
Authority: Mr. Edmund Maeser, assistant engineer United States Engineer Office. 

No. 151.— BEAUHARNOIS CANAL. 



Year. 



1845 
1846 
1847 
1848 
1849 
1850 
1651 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 



Opened. 
Oct. 11 


1 
Closed. 1 


Nov. 26 


Apr. 16 


Nov. 29 


May 5 


Nov. 28 


Apr. 12 


Nov. 80 


Apr. 19 


Dec. 8 


Apr. 26 


Dec. 4 


Apr. 25 
May 2 


Nov. 25 


Deo. 13 


Aj)r. 29 
May 1 


Nov. '24 


Dec. 2 


May 1 


Nov. 28 


May 1 


Dec. 1 


May 2 


Nov. 26 


Apr. 26 


Nov. 26 


Apr. 19 


Nov. 29 


Apr. 19 


Dec. 3 


Apr. 24 


Dec. 3 


Apr. 30 


Nov. 30 



Year. 



Opened. 



1863. 
1864. 
1865. 
1868. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 



I May 

I Apr. 

I -A-pr. 

I Apr. 

j Apr.. 
Apr. 
May 

I Apr. 
Apr. 
May 
May 
May 
May 
May 
May 
Apr. 
May 
Apr. 



2 

24 

25 

30 

29 

27 

3 

28 

19 

1 

1 

3 

3 

] 

5 

24 

1 

30 



Closed. 



Year. 



Opened. I Closed. 



Dec. 


4 


Dec. 


3 


Dec. 


2 


Dec. 


8 


Dec. 


2 


Deo. 


2 


Nov. 


3 


Dec. 


5 


Dec. 


2 


Dec. 


2 


Nov. 


24 


Nov. 


25 


Nov. 


25 


Nov. 


29 


Dec. 


6 


Dec. 


6 


Dec. 


2 


Nov. 


28 



1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Apr. 25 
Apr. 25 
Apr. 30 
Apr. 26 
May 3 
May 1 
May 3 
May 1 
Apr. 17 
Apr. 21 
Apr. 24 
Apr. 30 
May 1 
Apr. 3 
May 1 
May 1 



Nov. 28 



4 
1 
1 
3 
1 
1 



Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
l>ec. 1' 
Nov. 30 
Nov. 30 
Dec. 1 
Dec. 1 
Dec. 1 
Nov. 30 
Nov. 30 



Average date of opening, April 28 ; average date of closing, December 3 ; average number of days 
closed, 146. 

Authorities : General Report Public Works, Canada, 1867-1882 ; Annual Report of the Department 
of Railways and Canals, Dominion of Canada, 1883-1895 ; Department of Public Works, Dominion of 
Canada, 1896. 
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No. 152.— CARILLON CANAL. 



Year. 



1859 
1800 
1861 
1862 
1863 
1861 
1865 
1866 
1867 
1868 
1869 
1870 
1871 



Opened. { Closed. 



Apr. 
Apr. 
May 
May 
May 
May 
May 
May 
May 
May 
May 
Apr. 
May 



29 
30 
3 
3 
1 
2 
1 
3 
7 
2 
3 

27 
1 



Nov. 28 
Nov. 29 
Nov. 29 
Nov. 30 j 
Dec. 2 I 
Nov. 30 
Nov. 30 I 
Nov. 30 
Nov. 30 
Nov. 30 , 
Nov. 26 
Dec 6 ' 
Nov. 27 , 



Year. 



1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 



Opened. 



May 
May 
May 
May 
May 
Apr. 
Apr. 
May 
A.pr. 
Apr. 
Apr. 
Apr. 
Apr. 



2 

1 
6 
1 
1 

26 
19 
1 
29 
29 
28 
28 
28 



Closed. 



Dec. 1 
Nov. 18 
Nov. 15 
Nov. 20 
Nov. 30 
Dec. 5 
Sept. 6 
Nov. 24 
Nov. 23 
Nov. 26 
Nov. 24 
Nov. 27 
Nov. 24 



Tear. 



1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



May 7 
May 1 
May 2 
May 2 
Apr. 26 
Apr. 26 
Apr. 23 
Apr. 30 
May I 
Apr. 23 
Apr. 29 
Apr. 27 



Cloaed. 



Nov. 30 

Nov. 30 

Nov. 30 

Deo. 2 

Nov. 30 

Nov. 29 

Nov. 28 

Nov. 30 

Nov. 30 

Nov. 30 

Nov. 30 



Average date of opening, April 30; average date of closing, November 28; av«rage number of days 
closed, 153. 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Reports Department of 
Railways and Canals, Dominion of Canada, 1883-1895; Department of Public Works, l>omiiiion of 
Canada*, 1896. 

No. 153— CHAMBLY CANAL. 



Tear. j Opened. 



1843. 
1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 



Apr. 17 
Apr. 21 
Apr. 22 
May 18 
Apr. 19 
May 21 
Apr. 19 
May 20 
Apr. 28 
Apr. 28 
May 2 
May 2 
Apr. 28 
May 7 
Apr. 27 
Apr. 15 
Apr. 22 



Closed. 


Nov. 


17 


Nov. 


27 


Nov. 


25 


Nov. 


21 


Nov. 


29 


Dec. 


1 


Dec. 


5 


Nov. 


19 


Dec. 


14 


Dec. 


2 


Dec. 


2 


Nov. 


29 


Dec. 


1 


Dec. 


4 


Nov. 


19 


Dec. 


3 


Dec. 


2 



Year. 



1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 



Opened. 


Apr. 


25 


May 


6 


May 


1 


Apr. 


25 


Apr. 


25 


May 


1 


May 


1 


May 


5 


Apr. 


28 


May 


4 


May 


3 


May 


1 


Apr. 


25 


Apr. 


25 


May 


1 


May 


1 


May 


1 


May 


1 



Closed. 



Year. 



3 
4 



Deo. 
Dec. 
Dec. 8 
Dec. 7 
Dec. 8 
Dec. 12 I 
Dec. 5 , 
Deo. 2 I 
Nov. 29 I 
Dec. 3 ! 
Nov. 28 i 
Dec. 2 I 
Nov. 20 i 
Nov. 25 I 
Nov. 22 i 
Nov. 28 
Dec. 2 j 
Dec. 6 ; 



1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


May 


5 


May 


20 


May 


2 


May 


2 


May 


1 


May 


5 


May 


4 


May 


3 


May 


5 


May 


8 


Apr. 


29 


May 


1 


May 


J 


May 


2 


May 


8 


May 


2 


May 


1 


May 


4 



Closed. 



Dec. 
Nov 
Nov. 28 
Nov. 30 
Nov. 30 
Nov. 30 
Nov. 30 
I>ec. 
Dec. 
Nov 
Nov. 28 
Nov. 24 
Nov. 30 
Nov 
Dec. 
Nov 
Nov 



6 
25 



1 

1 
22 



30 
1 

30 
30 



Average date of opening, May 1; average date of closing, November 29; average number of days 
closed, 153. 

Authorities: General Report Public Works, Canada, 1,867-1882; Annual Reports Department of 
Railways and Canals, Dominion of Canada, 1883-1895; Mr. John C. Churchill, jr., C. E.; I>epartment 
of Public Works, Dominion of Canada, 1896. 

No. 154.— CHESAPEAKE AND OHIO CANAL. 



Year. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


1891 




Dec. 24 
Dec. 24 


1893 

1894 


Mar. 15 
Mar. 18 


Dec. 20 
Dec. 22 


1895 

1896 


Mar. 18 
Mar. 16 


I>ec 22 


1892 


Mar. 15 









Average date of opening, March 18; average date of closing, December 23; average number of dajB 
ekwed, 85. 
Authority: Mr. G. L. Nicolson, general manager. 
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No. i55.-CHAMPLAIN CANAL. 
[43<) 2d' latitude north. Altitude (summit), 142.10 feet. 75^ 80' longitude west.] 



Year. 



1824. 
1825. 
1826. 
1827. 
1828. 
1829. 
1830. 
1&31. 
1832. 
1833. 
1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 



Opened. 



Apr. 30 
Apr. 12 
Apr. 20 
Apr. 22 
Mar. 27 
May 2 
Apr. 20 
Apr. 16 
Apr. 25 
Apr. 19 
Apr. 17 
Apr. 15 
Apr. 25 
Apr. 20 
Apr. 12 
Apr. 20 
Apr. 20 
Apr. 24 
Apr. 20 
May 1 
Apr. 18 
Apr. 15 
Apr. 16 
May 1 
May 1 



Closed. 


Dec. 


4 


Dec. 


5 


Deo. 


18 


Dec. 


18 


Dec. 


20 


Dec. 


17 


Dec. 


17 


Dec. 


1 


Dec. 


21 


Dec. 


12 


Dec. 


12 


Nov. 


30 


Nov. 


26 


Dec. 


9 


Nov. 


25 


Dec. 


16 


Dec. 


9 


Nov. 


28 


Nov. 


28 


Nov. 


30 


Nov. 


26 


Nov. 


29 


Nov. 


25 


Nov. 


30 


Dec. 


10 



Year. 



1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 



Opened. 



May 1 
Apr. 22 
Apr. 15 
Apr. 20 
Apr. 20 
May 1 
May 1 
May 5 
May 6 
Apr. 28 
Apr. 15 
Apr. 25 
May 
May 
May 



Closed. 



Year. 



Apr. 30 
May 
May 
May 
May 
May 
May 10 
Apr. 21 
May 13 



Deo. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 
I Dec. 
I Dec. 
I Dec. 
I Dec. 
I Dec. 
I Deo. 

Dec. 
! De<;. 

Dec. 

Dec. 

Dec. 

Deo. 

Dec. 

Dec. 

Dec. 



5 ! 1873. 
11 I 1874. 



5 
16 
20 I 

3 ' 
10 

4 
15 

8 
12 
12 
10 
10 

9 

9 
12 
12 
20 

7 
18 

8 

1 

1 



1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 
j 1894. 
! 1895. 
1 1896. 



Opened. 



May 
May 
May 
May 
May 
Apr. 
May 
Apr. 
May 
Apr. 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 



15 
5 

18 
4 
8 

15 
8 

16 

12 

11 
8 
6 

11 
3 
3 
8 

11 
1 
1 
5 
2 
4 
5 



Closed. 



Dec. 


5 


Dec. 


5 


Nov. 


30 


Dec. 


1 


Deo. 


7 


Deo. 


7 


Dec. 


6 


Nov. 


30 


Dec. 


8 


Dec. 


7 


Dec. 


1 


Dec. 


1 


Dec. 


1 


Dec. 


1 


Deo. 


1 


Dec. 


3 


Nov. 


30 


Nov. 


30 


Nov. 


30 


Nov. 


30 


Nov. 


30 


Nov. 


30 


Dec. 


5 



Average date of opening, April 28 ; average date of closing, December 7 ; average number of days 
closed, 142. 

Authorities : Annual Reports of the Department of Bailways and Canals, Dominion of Canada, 
1883-1895; Mr. O. C. Robinson; Mr. John C. ChurchiU, jr., C. E.; Mr. Thomas H. Canfleld. 

No. 156.— CORNWALL CANAL, CORNWALL. 
[450 01' latitude north. 74° 44' longitude west.] 



Year. 



1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1861 
1852 
1853 
1854 
1855. 
1856 
1857 
1858 
1859 
1860 



Opened. 


Closed. 


Apr. 10 


Nov. 28 


Apr. 24 


Dec. 2 


Apr. 28 


Nov. 29 


Apr. 20 


Dec. 2 


May 1 


Dec. 4 


Apr. 7 


Deo. 9 


Apr. 7 


Dec. 6 


Apr. 20 


Dec. 7 


Apr. 25 


Dec. 12 


May 1 


Dec. 16 


Apr. 29 


Dee. 14 


Apr. 30 


Dec. 10 


Apr. 30 


Dec. 18 


Apr. 28 


Deo. 6 


May 1 


Dec. 12 


Apr. 26 


Deo. 7 


Apr. 20 


Dec. 7 


Apr. 21 


Deo. 10 



1861. 
1862. 
1863. 
1864. 
1865. 
! 1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878 



Opened. 


Closed. 


Apr. 24 
May 1 


Dec. 12 


Deo. 12 


May 4 


Dec. 12 


Apr. 27 


Dec. 10 


Apr. 26 


Dec. 13 


Apr. 30 


Dec. 13 


May 1 


Dec. 1 


Apr. 27 


Dec. 8 


May 3 


Dec. 7 


Apr. 28 


Dec. 8 


Apr. 20 


Dec. 8 


May 2 


Dec. 8 


Apr. 30 


Dec. 4 


Apr. 29 


Dec. 4 


May 4 


Deo. 6 


May 1 


Dec. 8 


May 27 


Dec. 8 


Apr. 22 


Dec. 8 



1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


May 


2 


Apr. 


26 


Apr. 


26 


Apr. 


25 


Apr. 


28 


Apr. 


29 


May 


8 


May 


1 


May 


4 


May 


2 


Apr. 


22 


Apr. 


21 


May 


4 


May 


1 


Apr. 


30 


Apr. 


23 


Apr. 


29 


Apr. 


22 



Closed, 



9 
6 



Dec. 
Dec. 

Dec. 10 

Dec. 6 

Dec. 8 

Dec. 8 

Deo. 10 

Dec. 8 

Dec. 4 

Dec. 26 

Dec. 11 

Dec. 4 

Dec. 15 

Dec. 4 

Dec 9 

Deo. 8 

Dec. 7 



Average date of opening, April 27 ; average date of closing, December 3 ; average number of days 
closed, 1». 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Report of the Department 
of Railways and Canals, Dominion of Canada, 1883-1895; Department of Public Works, Dominion of 
Canada, 1896. 
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No. 167.— DELAWARE AND HUDSON CANAL, EONDOUT, N. Y. 
[41<3 55' latttnde north. Altitude, 0. 00 feet. 73^ 58' l(»igitade weet, ] 



Year. 



1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 



Opened. 



Apr. 


4 


Apr. 


8 


Apr. 


11 


Apr. 


1 


Apr. 


12 


Apr. 


12 


Apr. 


12 


Apr. 


11 


Apr. 


21 



CloBed. 



Year. 



Nov. 30 
Deo. 5 
Nov. 29 
Nov. 30 
Dec. 1 
Nov. 29 
Dec. 6 
Dec. 7 
Dec. 10 



1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 



Opened. 



Apr. 1 
Apr. 1 
Apr. 1 
Apr. 10 
Apr. 5 
Apr. 9 
Apr. 2 
Apr. 11 
Apr. 9 



Closed. 


Nov. 


25 


Deo. 


7 


Deo. 


6 


Dec. 


4 


Nov. 


29 


Deo. 


5 


Dec. 


4 


Deo. 


11 


Dec. 


7 



Year. 



1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Mar. 25 

Apr. 1 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 



1 
4 
4 
2 
8 
1 



Closed. 



Dec. 11 

Deo. 5 

Dec. 10 

Dec. 8 

Dec. 8 

Nov. » 

Dec. 6 



Average date of opening, April 7 ; average date of closing, December 5 ; average number of di^ 
closed, 123. 
Authority: Mr. S. S. Smith, superintendent. 

No. 158.— DELAWARE xlND RARITAN CANAL, TRENTON, N. J. 
[40O 13' latitude north. 74° 45' longitude west.] 



Year. 



1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 



Opened. 



aAug. 20 
Mar. 16 
Apr. 18 
Apr. 20 
Apr. 10 
Mar. 15 



Apr. 5 
Mar. 28 
May 1 



Mar. 18 
Apr. 15 
Mar. 5 
Mar. 20 
Mar. 15 
Mar. 11 
Mar. 14 
Mar. 15 
Apr. 4 
Mar. 1 
Feb. 15 



Closed. 



Dec. 15 



Year. 



Dec. 25 

Dec. 20 

Dec. 28 

Dec. 20 

Dec. 24 



Dec. 25 



1856. 
1857. 
1858. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 



:} 



Mar. 28 
Mar. 12 



Mar. 15 

Mar. 20 

Mar. 21 

Mar. 20 

Mar. 10 

Mar. 8 

Mar. 14 

Mar. 15 

Mar. 18 

Mar. 23 

Mar. 10 

Mar. 10 

Mar. 13 

Mar. 15 

Mar. 17 

Mar. 16 

Mar. 22 

Mar. 20 



Closed. 


Dec. 


25 


Jan. 


10 


Dec. 


25 


Dec. 


24 


Dec. 


24 


Dec. 


20 


Dec. 


20 


A./vC/« 


25 


Dec. 


17 


Dec. 


23 


Dec. 


18 


Dec. 


20 


Dec. 


19 


Dec. 


25 


Dec. 


24 


Dec. 


15 


Dec. 


15 


Dec. 


20 


Dec. 


19 


Dec. 


24 


Dec. 


20 



Year. 



1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Mar. 19 
Mar. 18 
Mar. 17 
Mar. 15 
Mar. 21 
Mar. 6 
Mar. 12 
Mar. 10 
Mar. 16 
Mar. 15 
Mar. 14 
Mar. 12 
Mar. 11 
Mar. 27 
Mar. 9 
Mar. 7 
Mar. 13 
Mar. 6 
Mar. 7 
Mar. 9 



Closed. 



Dec. 22 

Dec. 21 

Dec 20 

I>ec. 18 

I>ec. 20 
Dec. 
Dec, 
Dec. 
Dec 

Dec. 20 

Dec. 19 

Dec. 20 

Dec. 20 

Dec 20 

Dec. 19 

I>ec 19 
Dec 



20 

20 
20 
19 



20 

Dec. 20 
Dec 20 



a Canal formally opened. 

Average date of opening, March 15 ; average date of closing, December 23 ; average number of days 
closed, 82. 
Authorities : Mr. W. H. Dunn, superintendent United States Weather Bureau. 



No. 159— DES MOINES RAPIDS CANAL, MONTROSE, IOWA. 
[40° 61' latitude north. Altitude, 500 feet. 91° 25' longitude west.} 



Year. 


Opened. 


Closed. 

Dec. 10 
Nov. 28 
Dec. 6 


; 1 

1 Year 1 Opened. 
1 


Closed. 


J 

1 Year. 


Opened. 


Gloeed. 


1877 


Aug. 22 
Mar. 8 
Mar. 17 
Mar. 8 
Apr. 16 
Mar. 6 
Apr. 13 


' 1884 :. Apr. I 

1885 1 Apr. 1 

1886 Ahp. 1 


Nov. 23 
Nov. 24 
Nov. 21 
Nov. 23 
Nov. 22 
Nov. 23 
Nov. 20 


1891 

1892 

1893 

1894 

1895 

1896 


Apr. 1 
Apr. 1 
Apr. 1 
Mar. 21 
Mar. 15 
Mar. 1 


Nov 21 


1878 


Nov 2S 


1879 


Nov. 15 


1880 


Nov. 19 ' 1887 Mar. 28 

Oct. 17 1888 Mar. 29 

Nov. 25 1889.. 1 Mar. 18 


Nov. 1 


1881 


Nov. 22 


1882 




1883 


Dec. 6 


1890 ' Apr. 1 

1 









Average date of opening, March 24; average date of closing, November 21 ; average number of days 
dosed, 123. 

Authorities: Report of Secretary of War, United States Engineers, 1889-1895; Mr. Montgomery 
Meigs, United States civil engineer in charge. 
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No. 160.— ERIE CAKAIi. 



Year. 



1824. 
1825. 
1826. 
1S27. 
1828. 
1829. 
1880. 
1831. 
1832. 
1833. 
1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 



Opened. 



Apr. 

Apr. 

Apr. 

Apr.' 

M!ar. 

May 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

May 

Apr. 

Apr. 

Apr. 

May 

May 



4 
12 
20 
22 
27 

2 
20 
16 
25 
19 
17 
15 
25 
20 
12 
20 
20 
24 
20 

1 
18 
15 
16 

1 

1 



Closed. 



Dec. 4 
Deo. 5 
Dec 18 
Dec. 18 
Dec. 20 
Dec. 17 
Dec. 17 
Dec. 1 
Dec. 21 
Dec. 12 
Deo. 12 
Nov. 30 
Nov. 26 
Deo. 9 
Nov. 25 
Deo. 16 
Deo. 3 
Nov. 30 
Nov. 28 
Nov. 30 
Nov. 26 
Nov. 29 
Nov. 25 
Nov. 30 
Dec. 9 



Year. 



1849 
1850 
1851 
1852 
1853 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 



Opened. 


Closed. 


May 1 


Dec. 5 


Apr. 22 


Dec. 11 


Apr. 15 


Dec. 6 


Apr. 20 


Dec. 16 


Apr. 20 


Dec. 20 


May X 


Deo. 3 


May 1 


Deo. 10 


May 5 


Dec. 4 


May 6 


Dec. 15 


Apr. 28 


Deo. 8 


Apr. 15 


Dec. 12 


Apr. 25 
Mky 1 


Nov. 12 


Deo. 10 


May 1 


Deo. 10 


May 1 


Deo. 9 


Apr. 30 


Dec. 8 


May 1 


Deo. 12 


May 1 


Deo. 12 


May 6 


Deo. 20 


May 4 


Deo. 7 


May 6 


Deo. 10 


May 10 


Deo. 8 


Apr. 24 


Dec. 1 


May 13 


Dee. 1 


May 15 


Dec. 5 



Year. 



1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1B83 
1884 
£885 
1886 
1887 
1888 
1889 
1890 
1801 
1892 
1893 
1894 
1895 
1896 



Opened. 


May 


5 


Apr. 


17 


May 


4 


May 


8 


Apr. 


15 


May 


8 


Apr. 


19 


May 


17 


Apr. 


12 


May 


7 


May 


7 


May 


11 


May 


1 


May 


7 


May 


10 


May 


1 


Apr. 


28 


May 


5 


May 


1 


May 


3 


May 


1 


May 


3 


May 


1 



Closed. 



Dec. 


5 


Nov. 


30 


Deo. 


X 


Dec. 


7 


Deo. 


7 


Dec. 


6 


Nov. 


22 


Dec. 


OP 


Nov. 


28 


XJvC* 




Deo. 




Deo. 




Deo. 




Deo. 




Deo. 




Deo. 




Dec. 




Dec. 


5 


Deo. 


5 


Nov. 


30 


Dec. 


1 


Deo. 


5 



Avcnrage date of opening, April 27; average date of closing, December 5; average nnmber of days 
closed, 143. 

Authorities: General Beport Public Works, Canada, 4867-1882 ; Internal Commerce of United States, 
1885; Marine Review, 1896. 

No. 161.— FARRANS POINT CANAL. 



Year. 



1848 
1849 
1850 
1861 
1852 
1863 
1854 
1855 
1856 
1867 
1858 
1859 
1860 
1861 
1862 
1863 
1864 



Opened. 



Apr. 13 
Apr. 9 
Apr. 27 
Apr. 25 
Apr. 13 
MAy 1 
May 3 
Apr. 20 
Apr. 28 
May 1 
Apr. 25 
Apr. 30 
Apr. 21 
Apr. 24 
Apr. 29 
May 1 
Apr. 26 



Closed. 



Dec. 6 
Dec. 15 
Deo. 10 
Nov. 25 
Nov. 24 
Deo. 1 
Deo. 8 
Deo. 15 
Dec. 6 
Deo. 12 
Dec. 11 
Deo. 5 
Dec. 10 
Dec. 10 
Nov. 30 
Dec. 7 
Deo. 10 



Year. 



Opened. 



1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Apr. 
May 
Apr. 
Apr. 
May 
Apr. 
Apr. 
May 
May 
May 
May 
May 
May 
Apr. 
Apr. 
Apr. 
Apr. 



29 
1 

30 

27 

1 

23 

21 

1 

1 

1 

1 

1 

1 

29 

28 

20 

27 



Closed. 



Dec. 13 
Dec. 11 
Dec. 6 
Dec. 5 
Deo. 3 
Deo. 10 
Deo. 6 
Dec. 7 
Dec. 2 
Dec. 5 
Deo. 
Dec. 
Deo. 
Dec. 12 
Dec. 9 
Dec. 11 
Deo. 10 



2 
5 

7 



Year. 



I 1882. 
I 1883. 
j 1884. 

1885. 
i 1886. 
I 1887. 
I 1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 



Opened. 



Apr. 24 
May 1 
May 1 
May 4 
Apr. 29 
May 30 
May 2 
Apr. 22 
Apr. 22 
Apr. 21 
Apr. 20 
Apr. 27 
Apr. 23 
Apr. 23 
Apr. 22 



Closed. 



Deo. 


U 


Deo. 


16 


Deo. 


17 


Dec. 


6 


Deo. 


4 


Dec. 


5 


Deo. 


10 


Dec. 


9 


Deo. 


4 


Deo. 


12 


Deo. 


13 


Deo. 


13 


Deo. 


10 


Dec. 


10 

• •  



Average date of opening, April 27; average date of closing, December 7; average number of days 
closed, 141. ' 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Report of the Department 
of Railways and Canals, Dominion of Canada, 1883-1895; Department of Public Works, Dominion of 
Canada, 1896. 

No. 162.— GRENVILLE CANAL. 



Year. 



1869 

1860 

1861 

1862 

1863 

1864 

1865 

186a 

1867 

1866 

1869 

1870 

1871 



Opened. 


Closed. 


Apr. 29 


Nov. 28 


Apr. 28 
May 3 


Nov. 29 


Nov. 29 


May 3 


Nov. 80 


May 1 


Deo. 2 


May 2 


Nov. 30 


May 1 


Nov. 30 


May 3 


Nov. 80 


May 7 


Nov. 3.0 


May 2 


Nov. 30 


May 3 


N:ov, 26 


Apr. 27 
Mky ] 


Deo. 6 


Nov. 27 



Year. 



1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
[ 18^. 
1884. 



Opened. 


Closed. 


May 28 


Dec. 18 


May 1 


Nov. 18 


M^ 6 


Nov. 26 


May 7 


Nov. 20 


Mi^ 8 


Nov. 30 


May 1 


Deo. 5 


May 3 


Sept. 6 


May 5 


Nev. 24 


Apr. 24 
May 2 


Nov. 23 


Nov. 26 


May 1 


Nov. J24 


May 1 


Nov. 27 


Apr. 28 


Nov. 26 



Year. 



1885 

1886 

1887 

1888 

laao 

1890 

1891 

1892 

1893 

1894 

1896... 

1896.. 



Opened. 


May 


7 


May 


1 


May 


2 


May 


2 


Apr. 


26 


Apr. 


26 


Apr. 


28 


Apr. 


40 


May 


I 


Apt. 


23 


Apt. 


29 


Apr. 


27 



Closed. 



Nov. 


30 


Nov. 


80 


Nov. 


80 


Deo. 


2 


Nov. 


ao 


Nov. 


29 


Nov. 


28 


N«v. 


80 


Nov. 


30 


Kov. 


30 


Nov. 


30 



Average date of opening, May 1; average date of closing, November 28; average number of days 
1, 154. 



closed, 
Autl 
wnynnnd Cauals. DoTPiulonofCn.nada. lS83-1Wfl; Depflrfmeut of Public WorkR.1)ominioTiof Cflnada, 1896. 



Authorities : General Report Public Works, Canada, 1867-1882 ; Annual Reports Department of Rail- 
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No. 168— ILLINOIS AND MICHT»A» GANAL, CHICAaO. 



Tear. 



1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 



Opened. ' Closed. 



Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Ma3' 
Apr. 
Mar. 
Mar. 
Mar. 
Apr. 
Mar. 
Mar. 
Apr. 



22 ' Dec. 6 
15 I Dec. 8 
29 > Dec. 8 

14 I Dec. 12 

15 Dec. 2 

3 I Dec. 12 
8 I Dec. 4 
1 i Nov. 30 
I I Dec. 1 

16 I Dec. 3 
8 ' Nov. 26 

4 ! Nov. 28 

1 

4 

10 
10 



Dec. 1 
Dec. 1 
Nov. 15 



Year. 



1866 
1867 
1868 
18«9 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Apr. 11 
Apr. 10 
Apr. 4 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 10 
Mar. 30 
Apr. 15 
Mar. 25 
Apr. 16 
Mar. 20 
Mar. 29 
Mar. 22 
Apr. 25 



Closed. 


Oct. 


31 


Nov. 


15 


Oct. 


31 


Nov. 


15 


Oct. 


8 


Nov. 


25 


Dec. 


1 


Nov. 


20 


Nov. 


20 


Nov. 


28 


Nov. 


18 


Dec. 


1 


Dec. 


1 


Nov. 


20 


Nov. 


18 


Nov. 


26 



Year. 



1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opesedl, C^sed 



Mar. 13 
Apr. 2 
Apr. 7 
Apr. 15 
Apr. 1 
Apr. 1 
Apr. 10 
Mar. 25 
Apr. 1 
Apr. 1 
Apr. 1 
Apr. 1 
Apr. 1 
Apr. 1 
Apr. 1 



Nov. 30 

Nov. 25 

Dee. 1 

Kov. 25 

Nov. 25 

Nov. 19 

Nov. 15 

Nov. 15 

Nov. 21 

Nov. 22 

Nov. 15 

Nov. 15 

Nov. 15 

Nov. 15 



Average date of opening, April 1 ; average date of closing, November 24 ; average niunber of daja 
closed, 128. 
Antkority : Annual Beport of the Trade and Commerce of Chicago, 1895. 

No. 164.— LACHINE CANAL. 



Year. 




1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 



May 1 
Apr. 26 
Apr. 23 
Apr. 11 
Apr. 21 
May 1 
May 2 
May 4 
Apr. 23 
May 5 
May 6 
May 5 
Apr. 24 
Apr. 21 
Apr. 22 
Apr. 22 
May 7 
May 20 
May 13 
May 1 



Closed. 



Nov. 22 
Nov. 25 
Nov. 24 
Nov. 23 
Nov. 23 
Nov. 23 
Nov. 25 
Nov. 26 
Nov. 28 
Nov. 17 
Nov. 28 
Dec. 9 
Dec. 13 
Dec. 11 
Dec. 10 
Dec. 7 
Dec. 10 
Dec. 16 
Dec. 2 
Dec. 2 
Nov. 28 



Tear. 



1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 



Opened. 

• 
May 1 


Closed. 


Dec. 3 


May 4 


Nov. 27 


Apr. 25 


Dec. 1 


Apr. 21 


Nov. 30 


Apr. 20 


Dec. 5 


Apr. 24 


Dec. 4 


May 4 


Dec. 6 


May 4 


Dec. 10 


Apr. 25 


Dec. 10 


May 1 


Dec. 12 


May 2 


Dec. 13 


May 1 


Dec. 2 


Apr. 27 


Dec. 5 


May 3 


Dec. 7 


Apr. 29 


Dec. 10 


Apr. 24 


Dec. 6 


May 1 


Dec. 7 


May 5 


Nov. 29 


Apr. 29 


Dec. 4 


May 1 


Nov. 30 


May 1 


Dec. 2 




1877. 

1878. 

1879. 
! 1880. 
I 1881. 
I 1882. 
I 1883. 
' 1884. 
i 1885. 
I 1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 



Opened. ; Closed. 



May 

May 

May 

Apr. 

May 

Apr. 

May 

May 

May 

May 

May 

May 

Apr. 

Apr. 

Apr. 

May 

May 

Apr. 

Apr. 

May 



7 

6 

4 

25 

1 

25 

1 

5 

4 

3 

5 

1 

21 

23 

28 

1 

4 

23 

30 

3 



4 
5 
4 

27 
1 
1 
1 

30 



Dec. 

Dec. 

Dec. 

Nov. 

Dec. 

Dec 

Dec. 

Nov. 

Nov. 30 

Nov. 30 

Nov. 30 

Dec. 2 

Nov. 30 

Nov. 29 

Nov. 30 

Nov. 30 

Nov. 30 

Nov. 30 

Nov. 30 



Average date of opening, April 30; average date of closing, December 2; average number of days 
closed, 149. 

Authorities: General Beport of Public Works, Canada, 1867-1882; Annual Reports of the Depart- 
ment of Railwavs and Canals, Dominion of Canada, 1883^1895 ; Department of Public Works, Domin- 
ion of Canada, 1896. 

No. 165.— HOUGHTON, MICH. 
[47° 04' latitude north. Altitude, 600.69 feet. 88° 17' longitude west.] 



Year. 



1882 
1883 
1884 
1885 
1886 



Opened. 


Closed. 


Apr. 30 
Apr. 28 
May. 8 
May. 11 
Apr. 28 


Dec. 1 
Nov. 25 
Nov. 28 
Nov. 26 
Nov. 26 



Year. 



1887 
1888 
1889 
1800 
1891 



Opened. 


May 


5 


May 


15 


Apr. 


25 


Apr. 


28 


May 


1 



Closed. 



Nov. 27 
Nov. 16 
Nov. 20 
Nov. 25 
Nov. 29 



Tear. 



1892 
1893 
1894 
1895 
1896 



Opened. 



Apr. 26 
MAy 9 
Apir. 22 
Apr. 22 
Apr. 22 



Closed. 



Nov. 
Dec. 
Nov. 
Dec. 



30 
1 

28 
2 



Average date of opening, May 1 ; average date of closing, November 27 ; average number of days 
closed, 155. 

Authorities .- Mr. G. A. Marr, C. E., assistant engineer Portage Lake Ship Canals ; Mr. J. C. Thomp- 
son, agent Anchor and Western Steamship Lines. 

NoTB.— This data applies to the Portage Lake Ship Canals. 
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No. 166— RAPIDB PLAT CANAL. 



Tear. 



1848. 
1849. 
1860. 
1851. 
1852. 
1853. 
1854. 
1855. 
185G. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1868. 
1864. 



Opened. 



Apr. 13 
Apr. 9 
Apr. 27 
Apr. 25 
Apr. 13 
May 1 
May 3 
Apr. 20 
Apr. 28 
May 1 
Apr. 26 
Apr. 30 
Apr. 21 
Apr. 24 
Apr. 29 
May 1 
Apr. 26 



Closed. 



Dec. 6 
Deo. 16 
Deo. 10 
Nov. 25 
Nov. 24 
Deo. 1 
Deo. 8 
Deo. 15 
Dec. 6 
Deo. 12 
Dec. 11 
Deo. 5 
Deo. 10 
Dec. 10 
Nov. 30 
Dec. 7 
Deo. 10 



Tear. 



1865. 
1866 
1867. 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. 



Apr. 29 
May 1 
Apr. 30 
Apr. 27 
May 1 
Apr. 23 
Apr. 21 
May 
May 
May 
May 
May 
May- 
Apr. 29 
Apr. 28 
Apr. 20 
Apr. 27 



Closed. 



Deo. 13 
Deo. 11 
Deo. 6 
Dec. 5 
Deo. 3 
Deo. 10 
Dec. 6 
Dec. 
Deo. 
Dec. 
Dec. 



Deo. 5 
Dec. 5 
Dec. 12 
Dec. 9 
Deo. 11 
Dec. 10 



Tear. 



Opened. 



1882. 
1883. 
1884. 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Apr. 24 
Miy 1 
May 1 
May 4 
Apr. 29 
May 30 
May 2 
Aor. 22 
Apr. 22 
Apr. 21 
Apr. 20 
Apr. 27 
Apr. 23 
Apr. 23 
Apr. 22 



Closed. 



Deo. 


11 


Dec. 


16 


Deo. 


17 


Deo. 


6 


Deo. 


4 


Dec. 


6 


Dec. 


10 


Deo. 


9 


Dec. 


4 


Dec. 


12 


Dec. 


13 


Deo. 


13 


Dec. 


10 


Dec. 


10 



Average date of opening, April 27; average date of closing, December 7; average nan>b«r of days 
closed, 141. 

Authorities: General Report Public Works, Canada, 1867-1882: Aunual Report of the Department 
of Railways and Canals, Dominion of Canada, 1883-1895; Department of Public Works, Dominion of 
Canada, 1896. 

No. 167.— RIDEAU CANAL, JONES FALLS, ONTARIO. 



Year. 



Opened. 



1832 
1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 



July 30 
June 7 
Apr. 28 
Apr. 23 
May 6 
Apr. 30 
Apr. 25 
Apr. 29 
Apr. 23 
Apr. 30 
Apr. 22 
Apr. 29 
Apr. 22 
Apr. 26 
Apr. 19 
May 1 
Apr. 20 
Apr. 26 
May 2 
Apr. 26 
May 1 
Apr. 27 



Closed. 



Year. 



Nov. 14 
Nov. 7 
Nov. 13 
Nov. 23 
Nov. 16 
Nov. 23 
Nov. 24 
Nov. 24 
Nov. 22 
Nov. 24 
Nov. 26 
Nov. 29 
Nov. 23 
Nov. 28 
Nov. 30 
Nov. 29 
Nov. 30 
Nov. 30 
Nov. 80 
Nov. 12 
Nov. 23 
Nov. 27 



1854. 
1855 
1856 
1857, 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1866 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
,1875 



Opened. 


Closed. 


Apr. 27 


Nov. 29 


May 2 


Nov. 28 


May 1 


Nov. 28 


Apr. 22 


Nov. 21 


May 1 


]Sov. 19 


Apr. 20 


Nov. 23 


May 1 


Nov. 25 


May 2 


Nov. 23 


May 1 


Nov. 19 


May 4 


Nor. 26 


May 1 


Nov. 29 


Apr. 24 


Nov. 30 


May 3 


Dec. 2 


May 1 


Nov. 20 


May 1 


Nov. 22 


May 1 


Nov. 15 


May 1 


Nov. 28 


Apr. 20 


Nov. 24 


May 1 


Nov. 27 


.May 1 


Nov. 13 


May 1 


Nov. 20 


May 4 


Nov. 15 



Year. 



Opened. 



1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



May 4 

May 2 

May 1 

May 5 

Apr. 28 

May 2 

May 2 

May 4 



Apr. 28 



Closed. 



Nov. 25 
Nov. 16 
Nov. 29 
Nov. 21 
Nov. 17 
Nov. 21 
Nov. 20 
Nov. 25 



Average date of opening, April 29; average date of closing, November 22; average number of days 
-olosed, 158. 

Authority: General Report Public Works, Canada, 1867-1882. 



256 



REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



No. 168— EIDEAU CANAL, KINGSTON, ONTARIO. 



Year. 



1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1867. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 



C^ned. 


Closed. 


May 1 


Nov. 30 


May 2 


Nov. 30 


May 1 


Dec. 1 


Apr. 25 


Nov. 30 


May 1 


Nov. 30 


May 1 


Nov. 30 


May 1 


Nov. 30 


May 1 


Nov. 28 


May 1 


Nov. 28 


Apr. 23 
May 1 


Nov. 23 


Nov. 22 


Apr. 16 


Nov. 30 


May 1 


Nov. 29 


May 1 


Nov. 25 


May 1 


Nov. 30 


May 1 


Nov. 30 


Apr. 27 


Nov. 30 



Year. 



1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Opened. Closed. 



Apr. 25 Dec. 6 

May 1 Dec. 4 
May 1 ! Nov. 30 
May 1 I Nov. 29 

May 1 Nov. 14 

Apr. 28 Nov. 27 

Apr. 21 Nov. 26 

May 1 Nov. 26 

May 1 Nov. 21 

May 1 Nov. 20 

May 3 Nov. 18 

May 5 Nov. 27 

Apr. 30 Nov. 30 

May 1 Nov. 30 

May 5 Nov. 21 

Apr. 27 Deo. 17 

May 2 Dec. 20 



Year. 



Opened. 



1882, 
1883. 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



May 1 
May 7 
May 5 
May II 
May 7 
May 2 
May 3 
Apr. 29 
May 2 
May 1 
May 1 
May 1 
Apr. 30 
Apr. 30 
May 2 



Closed. 



Dec. 


IS 


Nov. 


28 


Nov. 


IB 


Nov. 


2g 


Nov. 


30 


Nov. 


35 


Nov. 


23 


Nov. 


22 


Nov. 


% 


Nov. 


30 


Nov. 


30 


Nov. 


23 


Nov. 


19 


Nov. 


20 



Average d«te of ope&ing, May 1 ; average date d closing, November 28; average ntanber of days 
closed, 154. 

Authorities: General Report Public Works, Canada, 1867-1882; Annual Reports DepartmMit of 
Railway and Canals, Dominion of Canada, 1883-1896; Department of Pnblic works, Dominion of 
Canada, 1896. 

No. 169.— RTDEAtr CANAL, OTTAWA, ONTARIO. 

[450 16' latitnde north. 75° 42' longitade west.] 



Tear. 



I8d2 

1833 
1834 
1835 
1836 
1837 
1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 



Opened. 



May 


29 


May 


8 


Apr. 


17 


Apr. 


27 


May 


10 


May 


2 


May 


2 


Apr. 


22 


Apr. 


22 


Apr. 


28 


Apr. 
May 


28 
2 


Apr. 


24 


Apr. 


26 


Apr. 


21 


May 


4 


Apr. 
May 


17 
16 


May 


3 


Apr. 
May 


28 
4 


Apr. 


27 



Closed. 



Nov. 14 
Nov. 1 
Nov. 14 
Nov. 16 
Nov. 15 
Deo. 1 
Nov. 19 
Nov. 23 
Nov. 24 
Nov. 24 
Nov. 25 
Nov. 27 
Nov. 23 
Nov. 28 
Dec. 2 
Nov. 28 
Nov. 27 
Nov. 30 
Dec. 2 
Nov. 24 
Nov. 24 
Nov. 24 



Year. 



1854 
1855 

1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 



Opened. 


Closed. 


May 1 


Nov. 22 


Apr. 30 
May 1 


Nov. 25 


Nov. 27 


May 2 


Nov. 25 


May 2 


Nov. 31 


Apr. 27 


Nov. 19 


May 2 


Nov. 28 


Apr. 30 
May 1 


Nov. 26 


Nov. 27 


May 1 


Nov. 28 


May 1 


Dec. 2 


Apr. 27 
May 1 


Dec. 4 


Deo. 6 


May 1 


Dec. 5 


Apr. 30 


Nov. 30 


May 6 


Nov. 27 


May 2 


Dec. 5 


Apr. 22 
May 3 


Nov. 29 


Nov. 30 


May 5 


Nov. 19 


May 5 


Nov. 26 


May 5 


Nov. 22 



Year. 



1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opeiied. 



May 6 
May 1 
May 1 
May 5 
Apr. 28 
May 2 
May 1 
May 3 
May 1 
May 8 
May 3 
May 3 
May 3 
Apr. 29 
May 5 
Apr. 28 
May 2 
Apr. 29 
May 1 
Apr. 27 
May 1 



Closed. 



Dec. 


5 


Deo. 


3 


Deo. 


4 


Nov. 


28 


Hov. 


M 


Nov. 


S 


Nov. 


27 


Nov. 


27 


Nov. 


24 


Nov. 


30 


Nov. 


20 


Nov. 


25 


Nov. 


22 


Nov. 


28 


Nov. 


29 


Nov. 


28 


Nov. 


30 


Nov. 


30 


Nov. 


26 


Nov. 


30 

• •• 



Average date of opening, April 30; average date of closiug, November 25; average number of days 
closed, 156. 

Authorities : General Report Public Works, Canada, 1867-1882 ; Annual Reports Department of 
Railways and Canals, Dominion of Canada, 1883-1896; Department of Public Works, Dominion of 
Canada, 1896. 
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No. 170.-STB. AKNB'S LOCK AND DAM. 



Year 



1848 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1863 
1853 
1854 
1855 
1856 
1857 
1658 
1850 
1860 



Opened. 


Closed. 


Jnne 26 


Nov. 27 


Apr. 28 


Nov. 25 


Apr. 24 


Nov. 28 


Apr. n 
May 5 


Nov. 29 


Nov. 29 


Apr. 16 


Nov. 30 


Apr. 20 


Dec. 6 


Apr. 29 


Dec. 5 


Apr. 17 


Nov. 24 


Apr. 30 


Deo. 15 


Apr. 24 


Nov. 28 


Apr. 29 


Deo. 2 


Apr. 30 


Nov. 27 


Apr. 25 


Dec. 1 


Apr. 25 


Dec. 4 


Apr. 1^ 


Nov. 29 


Apr. 18 


Nov. 28 


Apr. 21 


Deo. 2 



Year. 



1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 



Opened. 


Closed. 


Apr. 27 


Dec. 2 


Apr. 29 


Dec. 2 


Apr. 28 


Dec. 5 


Apr. 23 


Dec. 1 


Apr. 12 


Deo. 5 


Aj>r. 26 
May 1 


Dec. 6 


Dec. 3 


Apr. 18 


Nov. 27 


Apr. 29 


Nov. 21 


Apr. 19 


Nov. 30 


Apr. 13 


Nov. 27 


Apr. 29 


Nov. 29 


Apr. 24 
May 4 


Nov. 20 


Nov. 26 


May 3 


Nov. 22 


May 1 


Nov. 29 


Apr. 21 


Dec. 4 


Apr. 15 


Dec. 6 

i 



Year. 



1879 
1880 
1881 
1882 
1888 
1884 
1885 
1886 
1887 
1888 
1889 
1800 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Apr. 21 
Apr. 24 
Apr. 18 
Apr. 11 
Apr. 30 
Apr. 26 
May 7 
Apr. 27 
May 4 
May 2 
May 19 
Apr. 24 
Apr. 25 
Apr. 27 
Apr. 29 
Apr. 21 
Apr. 25 
Apr. 26 



Closed. 



Deo. 8 

Nov. 24 

Nov. 20 

Nov. 30 

Nov. 26 

Nov. 24 

Nov. 26 

Nov. 27 

Nov. 28 

Nov. 22 

Nov. 29 

Nov. 25 

Nov. 26 

Nov. 28 

Nov. 27 

Nov. 25 

Nov. 29 



Average date of opening, April 25; average date of dosing, November 29; average number of days 
closed, 1^. 

Aathorities : General Report Public Works, Canada, 1867-1882 ; Aunual Reports Dei>artment of Rail- 
ways and Canals, Domiuion of Canada, 1883-1896; Department of Public Works, Dominion of Canada, 
1896. 

No. 171— SAULT STE. MARIE CANAL, MICHIGAN. 
[460 28' latitude north. Sault Ste. Marie altitude, 600.05 feet. Si° 22' longitude westl 



Year. 



1855. 
1856. 
1857. 
1868. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 



Opened. 


Closed. 




Nov. 23 


May 4 


Nov. 28 


May 9 


Nov. 30 


Apr. 18 


Nov. 20 


May 3 


Nov. 28 


May 11 


Nov. 26 


May 3 


Nov. 14 


Apr. 27 


Nov. 17 


Apr. 28 


Nov. 24 


May 2 


Dec. 4 


May 1 


Deo. 3 


May 5 


Dec. 3 


May 4 


Dec. 3 


May 2 


Dec. 3 



Year. 



1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 



Opened. 


Closed. 


May -4 


Nov. 29 


Apr. 29 


Dec. 1 


May 8 


Nov. 29 


May 11 


Nov. 26 


May 5 


Nov. 28 


May 12 


Dec. 2 


May 12 


Dec. 2 


May 8 


Nov. 26 


May 2 


Nov. 30 


Apr. 8 


Dec. 3 


May 2 


Dec. 3 


Apr. 28 
May 7 


Nov. 15 


Dec. 5 


Apr. 21 

• 


Dec. 3 



Year. 



1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



May 2 
Apr. 23 
May 6 
Apr. 25 
May 1 
May 7 
Apr. 15 
Apr. 20 
Apr. 17 
Apr. 18 
Apr. 29 
Apr. 17 
Apr. 25 
Apr. 16 



Closed. 



Dec. 11 
Dec. 10 



Dec. 

Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



2 

4 
2 
4 
4 
3 
8 
6 
6 
6 



Dec. 11 



Average date of opening, April 25 ; average date of closing, December 3 ; average number of days 
dosed, 143. 

Auliiorities : Monthly Weather Review, Reports of the United States Chief Signal OflBcer; Marine 
Review, 1896. 

No. 172.-ST. OURS LOCK. 



Year. 



1850, 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 



Opened. ; Closed. 



Apr. 
Apr, 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 



14 I Dec. 6 
9 I Nov. 22 
10 Dec, 13 
13 Dec. 4 
19 Dec. 4 
23 Nov. 30 
18 Dec. 2 
17 Dec. 4 
9 I Nov. 19 
5 , Dec. 3 
Dec, 5 
Dec, 3 
Dec. 2 
Dec. 3 



4 
16 
25 
29 

7 



Dec. 9 



16 , Dec. 9 



Year. 



1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 



Opened, 


Closed. 


Apr. 9 


Dec. 12 


Apr. 26 


Deo. 2 


Mar. 30 


Dec. 2 


Apr. 28 


Dec. 1 


Apr. 12 


Dec. 5 


Mar. 20 


Nov. 28 


Apr. 20 


Dec, 1 


May 1 


Nov. 16 


Apr. 16 


Nov. 25 


Apr. 16 


Nov, 22 


Apr. 19 


Nov. 30 


Apr. 10 


Dec. 5 


Apr. 1 


Dec. 12 


Apr. 23 


Nov. 24 


Apr. 7 


Nov. 22 


Apr. 1 


Nov. 25 



Year. 



1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


Apr. 


13 


Apr, 


19 


Apr. 
May 


7 
4 


Apr. 


15 


May 


2 


Apr. 


19 


Apr. 


19 


Apr. 


2K 


May 


8 


Apr. 


10 


Apr. 


18 


Apr. 


2 


Apr. 


15 


Apr. 


29 



Closed. 



Nov. 28 

Nov. 29 

Nov. 30 

Nov. 28 

Nov. 30 

Nov. 25 

Nov. 24 

Nov. 28 

Nov. 28 

Nov. 30 

Nov, 30 

Nov. 26 

Nov. 26 

Nov. 29 



Average date of opening, April 16; average date of closing, November 30; average number of days 

, liSf. 



dosed 



Authorities: General Report Public Works, Canada, 1867-1882; Annual Reports Department of 
Railways and Canals, Dominion of Canada, 1883-1896; Department of Public Works, l)ominion of 



Canada, 1896. 

H. Doc. 192 17 
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No. 173.— ST. PETERS CANAL. 



Tear. 



1870. 
1871. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 



;} 



Opened. 



Closed. 



I Jan. 



19 



Apr. 15 

Apr. 15 
May 5 
^lay 10 
Mav 3. 



Deo. 16 
Dec. 10 
Dec. 15 
Dec. 14 
Closed 



since June, 1876. 
Closed since 



June, '76 

Open. 

Open. 



Open. 
Open. 
Deo. 31 



Year. 



1882. 
1883. 
1883. 
1884. 
1884. 
1885. 
1885. 
1886. 
1887. 
1888. 
1888. 
1889. 
1889. 



:} 



:} 



:} 



.} 



:} 



Opened. 



May 5 



Apr. 16 
Apr. 20 



May 1 
May 15 
Apr. 27 



Apr. 28 
Marr23 



Closed. 





Jan. 


1 


Jan. 


2 


Jan. 
Jan. 
Nov. 


2 

30 
27 


Jan. 


7 



Year. 



Jan. 6 
Nov. 23 



1890. 

1891. 

1891. 

1892. 

1892. 

1893. 
t 1893. 
I 1894. 
' 1894. 
I 1895. 

1896. 



;) 



:} 



:} 



Opened. 



Closed. 



Apr. 21 
Jan. 20 k 
Apr. 22 



Apr. 1 
Apr". '24' 



Apr. 28 



I>ec. 24 



Jan. 20 



Jan. 



Jan. I 
Dec 15a 



Closed fo r repairs. 
Mar. 30 



a For repairs. 

Average date of opening, April 22; average date of dosing, December 31 ; average ndmber of days 
closed, 112. 

Authorities: Annual Eei>orts Department of Bailways and Canals, Dominion of Canada, 1883-18B6; 
Department of Public Works, Dominion of Canada, 1896. 

No. 174.— THE GALOPS CANAL. 



Year. 



1848 
1849 
1850 
1851 
1852 
1853 
1864 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 



Opened. 


Apr. 


13 


Apr. 


9 


Apr. 


27 


Apr. 


25 


Apr. 


13 


May 


1 


May 


8 


Apr. 


20 


Apr. 


28 


May 


1 


Apr. 


25 


Apr. 


30 


Apr. 


21 


Apr. 


24 


Apr. 


29 


May 


1 


Apr. 


26 



Closed 



Dec. 6 
Dec. 15 
Dec. 10 
Nov. 26 
Nov. 24 
Dec. 1 
Dec. 8 
Dec. 15 
Deo. 6 
Dec. 12 
Dec. 11 
Dec. 5 
Dec. 10 
Dec. 10 
Nov. 30 
Dec. 7 
Dec. 10 



Year. 



1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1379 
1880 
1881 



Opened. 



Apr. 29 
May 1 
Apr. 30 
Apr. 27 
May 1 
Apr. 23 
Apr. 21 



May 
May 
May 
May 
May 
May 
Apr. 29 
Apr. 28 
June 30 
Apr. 27 



Closed. 



Dec. 13 I 

Deo. 11 ! 

Dec. 6 ; 

Dec. 5 , 

Dec. 3 i 

Deo. 10 i 

Dec. 6 



Deo. 
Dec. 
Dec. 
Deo. 
Deo. 
Dec. 
Dec. 12 
Dec. 9 
Dec. 11 
Dec. 10 



7 

2 ; 
5 
2 

5 , 
5 , 



Year. 



1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Apr. 24 
May 1 
May 1 
May 4 
Apr. 29 
May 30 
May 2 
Apr. 22 
Apr. 22 
Apr. 21 
Apr. 20 
Apr. 27 
Apr. 23 
Apr. 23 
Apr. 22 



Cloaed. 



I>eo. 


11 


Bee. 


16 


Dec. 


17 


Dec 


6 


Dec. 


4 


Dec 


5 


Dec. 


10 


Dec 


9 


Dec 


4 


Dec 


12 


Dec 


U 


Dec. 


13 


Dec 


10 


Dec. 


10 



Average date of opening, April 27; average date of closing, December 7; average number of days 
closed, 141. 

Authorities: General Beport Public Works, Canada, 1867-1882; Annual Beport of the Department 
of Railways and Canals, Dominion of Canada, 1883-1895 ; Department of Public Works, Dominion <^ 
Canada, 1896. 

No. 175.— TRENT BIVER, TRENTON, ONTARIO. 

[Altitude, 300 feet.] 



Year. 



1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1876. 
1876. 



Opened. 



May 1 
May 10 
May 9 
Apr. 10 
Apr. 29 
Apr. 16 
Apr. 15 
Apr. 16 
Apr. 19 



Closed. 



Nov. 15 
Nov. 14 
Dec. 2 
Nov. 24 
Nov. 10 
Nov. 11 
Nov. 24 
Nov. 5 
Nov. 29 
Nov. 24 



Year. 



1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 



Opened. 


Closed. 


Apr. 26 
May 1 


Dec. 25 


Nov. 25 


Apr. 29 


Dec. 8 


Apr. 7 


Nov. 10 


Apr. 26 


Nov. 25 


Mar. 15 


Nov. 18 


Apr. 28 


Nov. 28 


Mar. 26 


Nov. 12 


Mar. 25 


Nov. 26 


Apr. 1 


Nov. 23 



Year. 



1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



Mar. 27. 
Apr. 20 
Apr.. 17 
Apr. 21 
Apr. 20 
Apr. 21 
Apr. 10 
Apr. 5 
Apr. 26 
Apr. 18 



Closed. 



Kov. 25 

Nov. 22 

Kov. 23 

Nov. 24 

Nov. 20 

Nov. 26 

Nov. 27 

Nov. 23 

Nov. 22 



Average date of opening, April 17; average date of closing, November 22; average number of days 
closed, 146. 

Authorities : General report Public Works, Canada, 1867-1882 ; Mr. Thomas D. Beloher, superin- 
tending engineer; Annual reports Department of Public Works, Dominion of Canada, 1883-1886; 
Department of Public Works, Dominion of Canada, 1896. 
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No. 176.— WELLAND CANAL. 



Year. 



1831. 
1^32. 
1833. 
1834. 
1835. 
1836. 
1837. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 



Opened. 



Apr. 8 
may 15 
Maiy 20 
Apr. 10 
May 1 
Apr. 28 
"i/Cay 5 
Apr. 5 



Apr. 2 
May 4 



Apr. 1 
May 7 
Apr. 3 
Apr. 14 
Apr. 10 
Apr. 3 
Apr. 1 
Mar. 25 
Apr. 13 



Closed. 



Nov. 15 



Dec. 1 
Deo. 6 



Dec. 4 

Dec. 4 

Nov. 29 

Deo. 15 

Dec. 9 

Dwj. 19 

Dec. 7 

Dec. 12 

Dec. 12 

Dec. 14 



Tear. 



1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 



Opened. 


Closed. 


Apr. 1 


Dec. 17 


Apr. 3 


Dec. 4 


Apr. 16 


Dec. 12 


Apr. 26 


Dec. 13 


May 1 


Dec. 15 


Apr. 7 


Dec. 1 


Apr. 1 


Dec. 8 


Apr. 1 


Dec. 6 


Apr. 8 


Dec. 12 


Apr. 15 


Dec. 15 


Apr. 13 


Dec. 13 


Apr. 13 


Dec. 11 


Apr. 17 


Dec. 15 


Apr. 17 


Dec. 11 


Apr. 23 


Dec. 7 


Apr. 15 


Dec. 9 


Apr. 21 


Dec. 10 


Apr. 20 


Dec. 16 


Apr. 5 


Dec. 9 


Apr. 22 


Dec. 10 


Apr. 21 


Dec. 15 


Apr. 9 


Dec. 10 



Tear. 



1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 



Opened. ; Closed. 



May 3 : 
Apr. 17 i 
Apr. 17 ; 
May 9 
May 5 \ 
May 1 I 
Apr. 29 I 
Apr. 20 , 
Apr. 5 [ 
Apr. 15 \ 
May 5 ] 
Apr. 19 ' 
May 3 | 
Apr. 23 
Apr. 16 
Apr. 15 
Apr. 20 
Apr. 19 
Apr. 24 
Apr. 19 
Apr. 20 
Apr. 28 



Dec. 


15 


Dec. 


15 


Dec. 


5 


Dec. 


14 


Dec. 


5 


Nov. 


30 


Dec. 


15 


Dec. 


5 


Dec. 


16 


Dec. 


4 


Dec. 


9 


Dec. 


1 


Dec. 


10 


Dec. 


1 


Dec. 


4 


Dec. 


10 


Dec. 


16 


Dec. 


12 


Dec. 


11 


Dec. 


11 


Dec. 


12 



Average date of opening, April 17 ; average date of closing, December 10 ; average number of days 
closed, 128. 

Authorities : General Report Public Works, Canada, 1867-1882 ; Annual Beport of the Department of 
Baiiways and Canals, Dominion of Canada, 1883-1895; Department of Public Works, Dominion of Can- 
ada, 1896. 

M. No. 1.— BATHTJEST, NEW BRUNSWICK. 

[47° 39' latitude north. 65^ 42' longitude west.] 



Year. 



1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 



Opened. 



Apr. 24 



May 10 
May 15 



Closed. 



Nov. 6 



Dec. 5 



Year. 



1877. 
1878. 
1879. 
1880. 
1881. 
1882: 
1883. 
1884. 
1885. 
1886. 



Open4d. 



Apr. 30 

Apr. 26 

Apr. 29 

Apr. 26 

May 15 

May 3 

Apr. 28 
Open. 

Apr. 27 



Closed. 



Nov. 26 
Dec. 4 
Nov. 29 
Open. 
Dec. 1 
Open. 



Year. 



1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 



3[>en. 
ay 8 
Mar. 25 
May 3 
Apr. 21 
Apr. 22 
May 1 
May 1 
Apr. 29 
Apr. 28 



Closed. 



Nov. 


25 


Deo. 


6 


Dec. 


4 


Deo. 


2 


Dec. 


18 


Deo. 


14 


Deo. 


14 


Nov. 


29 


Nov. 


25 



Averase date of opening, April 27; average date of closing, December 22; average number of days 
closed, 126. 

Authorities : General Report Public Works, Canada, 1867-1882 ; Annual Report of the Department 
of Railways and Canals, Dominion of Canada, 1883-1889; Department of Public Works, Dominion of 
Canada, 1896. 

M. No. 2.— FIRST AND LAST TRIPS OF STEAMERS BELONGING TO THE DETROIT 
AND CLEVELAND STEAM NAVIGATION COMPANY, BETWEEN DETROIT AND 
CLEVELAND. 



Year. 



1863 
1B64 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1J372 
1B73 
1874 



Firsttrip. 


Mar. 


28 


Mar. 


28 


Mar. 


28 


Apr. 


10 


Apr. 


8 


Mar. 


24 


Apr. 


6 


Apr. 


8 


Mar. 


21 


Apr. 


3 


Apr. 
Mar. 


8 
23 



Last trip. 



1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 



Firsttrip. 


Apr. 


12 


Apr. 


4 


Apr. 
Mar. 


10 
21 


Apr. 
Mar. 


1 

8 


Apr. 


19 


Mar. 


14 


Apr. 


7 


Apr. 
Mar. 


2 
17 


Mar. 


25 



Dec. 14 
Dec. 9 ! 
Dec. 2 
Dec. 12 
Dec. 6 
Dec. 8 
Dec. 4 I 
Dec. 5 
Dec. 1 



Year. 



1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Firsttrip. 


Mar. 


28 


Mar. 


28 


Mar. 


21 


Mar. 


1 


Mar. 


12 


Mar. 


27 


Mar. 


29 


Mar. 


19a 


Apr. 
Mar. 


4 
30 



Last trip. 



Nov. 27 

Dec. 2 

Deo. 

Dec. 

Dec. 

Dec. 

Dec. 

Dec. 

Deo. 



a Could have gone to Cleveland on the 12th had steamer been ready. 

Average date of first trip, March 25; average date of last trip, December 5; average number of 
days not running, 110. 

Authority : Mr. D. Carter, general manager. 

Note.— 1878-1887. The closing of these seasons were generally on account of freezinj^ up. 1888- 
1895. The closing trips of these years were not governed so much by the close of navigation. 

All other departures were made as soon as could be on account of ice, except 1890, when a steamer 
could have run all winter so far as ice was concerned. 
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BSPORT OF U. S. DEEP WATEBWAT6 COHMISSIOK. 



M. Ko. 3.— HUDSOir CITY, K. Y.— HCDBON EIVBR. 



Yew. 


Opeaed. | Cloeed. 


Year. i Opened. 


aoM)d. 


Year. 


Opened. 


Cloeed. 


1817 


Dec. 14 


1836 


Dec 24 
Dec. 23 
Nov. 25 
Dec 19 
Dec 21 
Dec. 19 
Nov. 29 
Dec. 30 
Dec. 18 
Dec 4 
Dec. 14 
Dec. 27 
Dec 30 
Dec 24 
Dec. 17 
Dec. 11 


, 1857 X 






1818 


; Dec. 12 ' 


1837 ' 


1868 / 




Jan. 15 


1^19 


' Dec. 12 


1838  


1858 




I>ec 18 


1820 


Nov. 30 


1839 


1 •^•■•»v«" - • • • - - 
j 1850 




Dec 19 


1821. ..J*. 


Dec 5 


1840 


' 1800 




Dec 12 


1822 


•■i 


Dec 25 ' 

Dee. 9 

Jan. 5 ' 


1841  


1871 




Dec 4 


1823 


1842 


1862 




I>ec 19 


1824 


1843 


1863 




Dec. 9 


1825 


1844 ' 


j 1864 




Dec. 18 


1825. .».., 


Dec 12 


1845 


1865 ' 


Dec. 19 


1828 


• Dec. 20 


1846 


1866 1 


Dee. 15 


1827 


 Dec 18 


1847 ; 


1867 ' 


Dec 9 


1828 


' Dec 25 


1SUA 


1868 


Dec. 10 


1829 --^ 


' i 1A40 


1869 1 


Dec 7 


1830 


7 


['.'... Jan. ii 


1850 


1870 




1830 -^ 




1851 


1871 


. 


1831 


• • • 

• • • 


; Jan. 12  

Dec 6 

' Dec 7 

j Dec. 12 

' Dec 14 

-•.... Dec. 15 

i 


1852 \ 




1872 i 




1881 


1853 / 

1853 




Jan. 17 
Dec. 20 
Dec. 17 
Dec. 26 


1873 ' 




1832 




1874 ' 




1833 


1854 


1875 ' 




1834 


1865 


1876 




1835 


1856 


 saa** •••« 


Dec. 13 


1 













Authority : Capt. A. W. Seamim. 



M. No. 4— MOOSE FORT, MOOSE BIVER, JAMES BAY. 
[ 51° 16" latitade north. 80° 56" longitude west.] 



Year. 



1877. 
1^8. 
1879. 
1880. 
1881. 
1882. 
1883. 



I 
Opened, i Closed. 



Year. 



Opened. ' Cloeed. i 



Dec. 7 

Apr. 29 Nov. 2 



1884. 

_ 1885. 

- I 'I 1886. 

May 9 ' Nov. 2 1887. 



1888. 
1889. 
1890. 



May 9 
May 24 



Nov. 14 
Nov. 5 

I 



Year. 



1891. 
1892. 
1893. 
1894. 
1896. 
1896. 



Opened. 



May 2 
May 17 
May 13 
Apr: 30 
May 1 



Closed. 



Nov. 18 

Hov. 12 

Kov. 16 

Nov. 11 

N'ov. 20 



Average date of opening, May 9; average date of closing, November 13; average number of days 
closed, l77. 
Authority: Mr. Aug. U. Y. Payne, Meteorological Office, Toronto. 



Year. 



M. No. 5— PORTAGE, WIS. 
[430 33' latitude north. Altitude, 790 feet. 89° 25' longitude west.] 



1853 
1854 
1855 
1866 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1866 
1866 
1867 



Opened. Closed. 



Mar. 


1 


Mar. 


27 


Mar. 


3 


Mar. 


23 


Apr. 


1 


Apr. 


13 


Apr. 


11 


Mar. 


10 


Mar. 


31 


Apr. 


3 


Mar. 


30 


Mar. 


29 


Mar. 


20 


Apr. 


12 


Apr. 


11 



Year. 



1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

1876 

1877 { 

1878 

1879 

1880 

1881 



Opened. 


Closed. 


Mar. 16 
Mar. 28 
Apr. 3 
Mar. 13 
Apr. 10 
Mar. 31 
Mar. 30 
Apr. 6 
Apr. 4 
Feb. 22 
Mar. 29 
Feb. 24 
Mar. 26 
Mar. 5 
Apr. 15 



































Year. 



1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1800 
1891 
1892 
1893 
1894 
1895 
1896 



Opttied. 



Feb. 14 
Apr. 5 
Mar. 28 
Apr. 6 
Apr. 5 
Apr. 2 
Apr 6 
Mar. 20 
Mar. 24 
Apr. 4 
Mar. 27 
Mar. 30 
Mar. 5 
Mar. 25 
Mar. 25 



Cloaed. 



Authority : Portage Daily Register, March 26, 1896. 



B£POBT OF U. S. DESP WATERWAYS COftlMiaSION. 2j61, 



M. No. «.— BIMOTJSKI. PROVINCE OF QUBBBC. 
[48^ 28' latitude north. 9SP ZV longitude west.] 



Tear. 



1867 
1^ 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 



Opened. 


Closed. 


Mar. 15 


Deo. 12 


Mar. 20 


Dec. 10 


Mar. 19 


Dec. 8 


Mar. 18 


Deo. 25 


Apr. 5 


Dec. 15 


Apr. 1 


Deo. 12 


Apr. 8 
Mar. 24 


Dec. 10 


Deo. 1 


Mar. 20 


Nov. 26 


Mar. 30 


Deo. 1 



Year. 



1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 



Optoied. 


Closed. 


Apr. 1 


Deo. 5 


Apr. 7 


Nov. 28 


Apr. 10 


Dec. 1 


Mai-. 17 


Dec. 19 


Mar. 20 


Deo. 26 


Mar. 22 


Deo. 15 


Mar. 12 


Deo. 16 


Mar. 15 


Nov. 9 


May 11 


Nov. 9 


May 1 







Year. 



1887. 
I8d8. 
1889. 
1890. 
1891. 
1892. 
1898. 
18M. 
1896. 
1896. 



Opened. 



Closed. 



Authorities : General Beport Public Works, Canada, 1867-1882; Annual Bepoi-t of the Department 
of Bailways and Canals, Dominion of Canada, 188371889; Mr. B. Steckel, C. £., engineer Technical 
Branch, Dominion of Public Works, Canada. 

M. No. 7^ST. CLOXTD, MINN. 

[450 82' latitude north. Altitude, 962 feet. 94^ 06' longitude west.] 



Year. 



1876. 

1877. 
1878. 
1879. 
1880. 
1881. 
1882. 



Opened. 



Closed. 



Year. 



1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 



Opened. 



Apr. 16 



Closed, 



Year. 



1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


Apr. 


14 


Apr. 


13 


Apr. 


6 


Apr. 


15 


Apr. 


5 


Apr. 


1 


Apr. 


14 



Closed. 



Deo. 2 

Nov. 14 

Nov. 21 

Nov. 19 

Nov. 16 

Nov. 20 



Authority: Mr. A. fiennemann. 

M. No. 8.— WILMINGTON, ILL. 



Year, 


Opened. 


Closed, 


Year. 


Opened. 


Closed. 


Year. 


Opened. 


Closed. 


1862 


Jan. 28 




1874 






1886 

1887 

1888 


Feb. 14 
Feb. 8 


Deo. 3 


1863 




1875 




. 


Nov. 27 


1864 


Jan. 27 




1876 








1965 


 


1877. 






1889 




Nov. 29 


1866 


Mar. 2 
Feb. 13 
Mar. 1 




1878 






1890 




1867 




1879 






1801 




Nov. 29 


1868 




1880.... 






1892 






1869 




1881 

1882. 


Feb. 24 




1893 




Nov. 24 


1870 






- 


1894 .... 




Dec. 28 


1871 






1883 

1884 

1885 


Feb. 16 
Mar. 19 
Mar. 28 


Nov. 17 
Nov. 23 
Dec. 20 


1895 




Dec. 3 


1872 






1896 


Feb. 21 




1873 



















M. No. 9— MISCELLANEOUS NOTES. 



Location. 


Latitude 
north. 


Latitude 
west. 


Alti- 
tude. 


Estimated average 
dates. 


Aver- 
age 
days 

closed. 


Authority for esti- 
mated average. 




Closed. 


Opened. 


Norway House 

Oxford Lake 


o / 

53 40 
55 02 
52 45 
58 52 
51 16 
46 16 
'48 25 

46 10 

47 55 

45 32 
44 50 

48 01 

40 25 
43 51 

40 38 
37 12 

41 21 


o / 

98 00 

05 16 

108 30 

95 00 
80 56 
79 45 
71 35 

96 32 

97 01 

94 06 

95 35 
91 10 

86 53 
73 23 
75 33 
79 06 
88 07 

 


Feet. 

708 

"642" 
298 
958 
787 

962 
870 
604 

505 

95 

221 

523 


Nov. 26 
Nov. 1 
Nov. 29 
Nov. 15 
Nov. 13 
Nov. 29 
Dec. 1 
Nov. 15 
Nov. 8 

Nov. 20 
Nov. 10 
Nov. 24 

Dec. 23 
Dec. 9 
Dec. 31 
Dec. 8 
Dec. 1 


June 1 
June 4 
Apr. 30 
June 15 
May 9 
May 8 
May 10 
Apr. 16 
Apr. 15 

Apr. 9 
Apr. 1 
Mar. 30 

Jan. 19 
Apr. 12 
Feb. 14 
Jan. 6 
Mar. 1 


187 
215 
180 
212 
177 
155 
160 
151 
158 

140 
142 
126 

27 
124 
46 
29 
90 


Mr. C. C. Chipman. 
Do. 


Battleford, Sask 

Fort Churchill 

Moose Fort, James Bay 
Lake Nipissing, Ont.. . 

Lake St. John, Ont 

Breckenridge, Minn... 
Grand Forks, N. Dak . . 

St. Cloud. Minn 

Granite Falls, Minn. . . 
McGregor, Iowa 

LafiaTette. Ind 


Mr.J.G.OUver. 

Mr.J.B.TyrelL 

Mr. Hugh V. Payne» 

Mr.H.C.VaTin. 

Mr. G. F. Baillairge. 

Mr. E. Mattson. 

Mr. A.O.Powell, assist- 
ant United States 
engineer. 

Mr. A. Hennemann. 

Mr. George Sein. 

Monthly Weather Re- 
view. 

Prof. H. A. Huston. 


Ticonderoga. N. Y 

A llentown. Pa- . , ^ r . , . . 


Mr. F. A. Baldwin. 
Mr. A . Ti. Riohenbad. 


Lynchburg, Va 

Wilmington, 111 


Mr. L. F. Lucado. 
Wilmington Advooajjie. 
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REPORT OF U. S. DEEP WATERWAYS COMMISSION. 



A No. L—COLUMBIA, PA— SUSQUEHANNA EIVER. 



Year. 



1872, 
1873, 
1874. 
1875, 
1876. 
1877. 
1878. 
1879. 
1880. 



Opened. 



Mar. 25 
Mar. 19 



Mar. 18 



• »jm^ • »« 4 



Feb. 3 
Feb. 11 
Mar. 10 



Cloaed. 



Deo. 1 
I)eo. 5 
Open. 
Dec. 16 
De^. 2 



Dec. 22 
Nov. 25 



Year. 



1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 

ism 



Opened. ! Closed. 



Feb. 12 
Feb. 2 
Feb. 18 
Feb. 7 
Apr. 3 
Feb. 13 
Jan. 26 
Feb. 22 
Mar. 5 



Dec. 16 
Dec. 15 
Dec. 15 



Deo. 4 
Dec. 20 
Dec. 14 
Open. 



Year. 



1890 

1891 

1892 

1893 

1894 

1895 

1896 



Opened. 



Open. 

Jan. 5 

Open. 

Feb. 10 

Open. 
/Jan. 11 
iMar. 4 

Mar. 1 



Clooed. 



Dec. 10 
(H>eta. 
Nov. 30 
Ol>e&. 
Dec. 8 
Feb. 11 
Dec. 15 
Dec. 2 



Average date of opening, Febraary 16 ; average date of closing, December 21 ; average number of 

»ys closed, 67. 

Antbority : Mr. E. F. Smith, snperintendent and engineer, canal division. 



A No. 2.— LOWELL, MASS. 



Year. 



1847. 
1848. 
1848. 
1849. 
1850. 
1851. 
1862. 

1863. 



^854. 

1855. 
1866. 

1867. 

1858. 

1859. 
1860. 

1861. 
1862. 

1863^ 
1864. 



:} 



•{ 



•{ 



< 



Opened. 



Mar. 21 
Mar. 21 
Feb. 21 
Feb. 25 
Jan. 15 
Feb. 7 
Feb. 24 



Dec. 18 
Mar. 13 



Mar. 18 
Apr. 8 
Feb. 19 



Jan. 28 
Mar. 19 
Mar. 16 
Mar. 2 
Mar. 3 



Apr. 3 
Dec. 17 
Jan. 17 



Mar. 26 
Dec. 14 
Mar. 7 



i 



Closed. 


Jan. 


6 


Dec. 


23 


Dec. 


8 


Dec. 


13 


Dec. 


2 


Dec. 


21 


Feb. 


11 


Mar. 


16 


Dec. 


5 


Deo. 


20 


Mar. 


28 


Dec. 


2 


Dec. 


12 


Dec. 


1 


Mar. 


2 


Dec. 


26 


Feb. 


11 


Nov. 


30 


Dec. 


8 


Dec. 


14 


Dec. 


3 


Dec. 


20 


Dec. 


6 


Dec. 


19 


Jan. 


21 


Feb. 


3 


Dec. 


7 


Dec. 


21 


Dec. 


10 



Year. 



1865. 
1866. 

1867. 

1868. 
1860. 
1869. 
1870. 
1870. 
1871. 

1872. 
1873. 

1874. 

1875. 

1876. 

1877. 

1878. 

1878. 

1879. 

1880. 

1881. 

1882 

1882. 



:} 



:} 



Opened. 



Mar. 17 
Feb. '25 



Mar. 23 



Mar. 18 
Mar. 29 
Dec. 30 



Feb. 


19 


Mar. 


5 


Apr. 


5 


Apr. 


3 


Dec. 


18 


Jan. 


8 


Mar. 


4 


Mar. 


20 



Nov. 28 

Mar. 22 
Mar. 27 



Mar. 4 
Mar. 30 
Feb. 27 
Mar. 15 



Mar. 6 



Closed. 


Deo. 


1 
8 


Dec. 


14 


Mar. 


7 


Dee. 


14 


Nov. 


19 


Dec. 


4 


Dec. 


6 


Dec. 


8 


Feb. 


3 


Dec. 


16 


Nov. 


28 


Nov. 


30 


Dec. 


9 


Nov. 


21 


Dec. 


22 


Jan. 


16 


Mar. 


12 


Deo. 


12 


/Nov. 
\Nov. 


25 


30 


Dec. 


2 


Jan. 


1 


Dec. 


20 


Deo. 


18 


Nov. 


22 


Jan. 


3 


Nov. 


29 



Year. 



1883. 
1884. 

1885. 

1886. 
1887. 
1888. 
1888. 
1890. 
1889. 
1890. 

1890. 

1891. 
1891. 
1892. 
1892. 
1893. 
1894. 
1895. 

1896. 



•i 



;l 



:) 



Opened. 



Apr. 9 
Mar. 23 
Jan. 12 
Apr. 1 
Dec. 10 
Jan. 4 
Mar. 20 
Mar. 20 
Dec. 18 



Mar. 4 



Feb. 9 
Feb. 27 
Mar. 11 
Dec. 23 



Mar. 23 
Mar. 29 
Mar. 7 
Mar. 27 
Mar. 1 
Mar. 19 



Closed. 



Dec. 

Jan. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 



Jan. 
Feb. 
Dec. 
Dec. 



Jan. 

Dec. 

Deo. 

Nov. 

Deo. 



15 
Ift 
17 

5 
20 

3 
22 
13 



Jan. 3(K 



9 
20 

10 

17 



24 

ao 

4 

29 

6 



13 



Authority : Mr. Arthur T. Safford, assistant engineer of props, locks, and canals, Merrimac River 



A No. 3.— POBT CLINTON, PA.— SCHUYLKILL RIVER. 



Year. 



1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 



Opened. 



Feb. 9 



Closed. 



Dec. 23 



Nov. 21 



Open. 
Dec. 5 
Dec. 23 
Deo. 8 
Dec. 16 
Deo. 13 
Dec. 9 



Year. 



1868. 
1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 

1880. 

1881. 



Opened. 



Mar. 10 



Mar. 23 
Mar. 15 
Open. 
Mar. 18 



Feb. 2 
Open. 
Feb. 12 



Feb. 10 



Closed. 



Dec. 9 
Dec. 10 



Nov. 18 
Open. 



Dec. 18 
Dec. 2 
Open. 
Dec. 21 
Deo. 21 
/Nov. 22 
iDeo. 8 



Year. 



1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 



Opened. 


Feb. 


13 


Feb. 


15 


Feb. 


8 


Feb. 


17 


Feb. 


13 


Jan. 


29 


Mar. 


2 


Mar. 


4 


Open 


• 


Jan. 


6 


Open 


• 


Feb. 


26 


Open 
Mar. 


4 


Mar. 


10 



Closed. 



Deo. 16 
Dec. 20 
Dec. 1 

Dec." "i 
Dec 20 
Deo. 14 
Open. 
Dec 2 
Open. 
Dec. 10 
Open. 
Dec 8 
Dec 5 



Authority: Mr. E. F. Smith, snperintendent and engineer, canal division. 



